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. Summary and Conclusions 
I. INTRODUCTION 
ITH THE use of coal as a fuel, the presence of sulfur dioxide and of sulfuric 
acid in the atmosphere became almost inevitable. These were, of course, 
accompanied by many other products of the combustion of coal and later of mineral 
oil. Because of its characteristic and rather readily identifiable effect upon the nose, 


it was natural that sulfur dioxide should be held responsible for many of the injurious 


or annoying effects of coal smoke. I-ven in some scientific studies of the pollution 
of the atmosphere,* attention was directed largely to sulfur dioxide to the com- 
parative neglect of other possible contaminants, such as hydrocarbons, oxides of 
nitrogen, ete. Sulfur dioxide may also be derived from industrial processes other 
than the combustion of fuel. 


Aided by a grant from the Association of Edison Illuminating Companies. 

From the Institute of Industrial Medicine and the Department of Chemistry, New York 
University-Bellevue Medical Center. 

* A few pigeons were used by Ronzani, bedbugs by Gough, and flies, grasshoppers, and 
cockroaches by Weedon, Hartzell, and Setterstrom. The effects of sulfur dioxide upon plants 
have been well reviewed by Holmes, Franklin, and Gould, by Katz, by Katz and McCallum, 
and by Zimmerman. 
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While the presence of sulfur dioxide and of sulfuric acid in the atmosphere of 
most inhabited parts of the Temperate Zone may be taken for granted, the con- 
centrations are frequently so low that the presence of these substances cannot be 
detected. In other places or at other times, but still without obvious evidence of con- 
tamination, the presence of sulfur dioxide may be detectable by chemical methods, 
but the concentration may not be greater than about one part per million by volume 
(ppm). As will be seen presently, no effect upon man or upon animals has been 
demonstrable with such a concentration. This concentration is not infrequently 
exceeded in the vicinity of large installations and may be approached or reached over 
large areas when meteorological conditions hinder the dispersal of smoke. Whenever 
the concentration of sulfur dioxide is high, some sulfuric acid may also be found, 
However, there is agreement that the concentration of the latter in general town 
air is very low. 

Because sulfuric acid exists in atmosphere as a mist and not as individual 
molecules, its concentration is expressed in terms of milligrams per cubic meter 
(my./m.*). One part per million of sulfur dioxide, oxidized to sulfur trioxide and 
combined with water to form sulfuric acid, is the equivalent of 4 mg./m.° of the latter. 

According to Amdur, Schulz, and Drinker, the concentration of sulfuric acid in 
the atmosphere of an industrial area known to be contaminated with this substance 
did not exceed 0.24 mg./m.", while the average was less than one-twentieth of that. 
In Los Angeles, the concentration of sulfuric acid on a day of markedly reduced 
visibility was about 0.110 mg./m.* Under the same conditions the concentration of 
sulfur dioxide was approximately 0.3 ppm. On a day of good visibility, no sulfuric 
acid was detected, and the concentration of sulfur dioxide was 0.05 ppm (Air Pollu- 
tion Control District, County of Los Angeles). In the discussion before the Faraday 
Society in 1936, Coste and Courtier had placed the concentration of sulfuric acid 
in the air of London as between 0.001 and 0.020 mg./m.* The statement by Non- 
hebel in the same discussion that as much as 10% of the sulfur in the gases from 
a powdered fuel plant might be present as SO, may have been due to the inclusion 
of neutral or acid sulfates as SQ,. (Consult Hemeon for the possible importance 
of these substances. ) 

For other analyses made in different parts of the world, consult the references 
in the Bibliography pertaining to the following: Air Hygiene Foundation; Great 
Britain, Department of Scientific and Industrial Research; Holmes, Franklin, and 
Gould; Katz (1949 and 1952); Monnett, Perrott, and Clark; Regan; Richards ; 
Schueneman ; Singh, and Zimmerman. 


Il. METHODS OF ANALYSIS 


Reports of the concentrations of sulfur dioxide in the general atmosphere or 
in experimental mixtures are only as good as the methods employed in the analysis. 

In general, the early experimenters, who used high concentrations of sulfur 
dioxide, passed the air through strongly alkaline solutions or through a solution of 
iodine. If the former, the absorbed sulfur dioxide was titrated with permanganate 
or with iodine, If the gas was passed through a solution of iodine, this was followed 
by a thiosulfate trap to catch the iodine removed by the current of air; the two 


+ Faraday Society, p. 1197. 
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solutions were then combined, and the excess of iodine titrated with thiosulfate. For 
the lower concentrations present in the general atmosphere, the latter method was 
modified to a determination of the amount of iodine required to restore the blue 
color oi a starch-iodine solution, shaken with a definite volume of the air, to its 
original intensity. Later, the extent of bleaching was determined photomeirically. 
In a more recently described method, the sulfur dioxide is collected in an alkaline 
glycerin solution and the amount of sulfite formed is determined by its action in 
forming a Schiff’s base with a formaldehyde-acid-fuchsin solution (Urone and 
). 

From these methods, there were two developments. In the United States and 
Canada, methods requiring smaller and smaller samples were devised, with the 
concomitant use of automatic sampling. The methods now most commonly used 
involve measuring (a) the increased conductivity in a dilute solution of sulfuric 
acid and hydrogen peroxide or (>) the amount of bromine water required to main- 
tain a fixed potential. In Great Britain, there seems to have been less emphasis 
upon frequent or automatic sampling and more upon the measurement of the total 
amount of sulfur dioxide and of fine mists of sulfuric acid over an extended period. 
A porcelain candle is coated with a paste of lead peroxide and exposed under a 
suitable shelter. The total amount of lead sulfate formed per unit area of exposed 
surface is a useful index of the total contamination by sulfur dioxide and by sulfuric 
acid. As might be expected, the correlation between the results obtained by “spot” 
sampling and those ef the lead peroxide method is best when the number of 
samples is greatest. 

For an account of these various methods, their advantages and disadvantages, 
consult the several papers in “Air Pollution” (1952) and Technical Paper 1 and 
Annual Reports 17 and 20 on “Investigation of Atmospheric Pollution” (Depart- 
ment of Scientific and Industrial Research of Great Britain). In this place, it will 
suffice to state that the methods employed by all the authors cited appear to have 
heen adequate for their respective investigations. 


Ill, THERAPEUTIC USE OF SULFUR DIOXIDE 

A curious use of sulfur is twice mentioned by Homer. In the 16th Book of the 
“Iliad,” Achilles is said to have purified a cup with brimstone before offering a liba- 
tion, and in the 22d Book of the “Odyssey,” after the murder of the suitors, 
Odysseus cleansed the hall with burning sulfur. The efficacy of the latter may be 
questioned. 

Another practice of doubtful value, at least as to the contribution of sulfur, 
is mentioned by Celsus who says, “If there is pain, the part should be wetted with 
water containing soda but not oil, then wrapped; and under it should be placed a 
brazier containing some glowing charcoal with sulfur.” There is no mention of 
the effect of the fumes of the burning sulfur upon the eyes and nose of the patient. 

In many parts of the world, sulfur dioxide escapes from fissures in the ground, 
and with man’s age-old idea that everything must be good for some ailment or 
other, it is not surprising that the vapors have been suspected to have some thera- 
peutic value. According to Labbeée,t Galen stated that patients with diseases of the 
chest were sent to Sicily to breathe the air of volcanoes. 


t1 have been unable to verify Labbée's reference. 
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Nearly two millennia later, de Renzi § stated his belief that the proximity of 
the crater and the many fumaroles contributed to the salubrity of the slopes of 
Vesuvius and of the adjoining plain. 

According to Lépinay, the “Dictionnaire encyclopédique” of 1753 mentioned 
the use of “fumigations” with burning sulfur for diseases of the skin. He also stated 
that Lalouette reported the treatment of venereal disease in this manner in 1776. 
The use of such fumigations must have continued, for in 1805 (still according to 
Lépinay) Lafitte and Sedillot reported to the Société de Médecine on the construc- 
tion and use of various types of cabinets for such treatments. There was a wave 
of enthusiasm for such exposures to sulfur dioxide for the treatment of patients 
with scabies and a variety of other diseases of the skin, with the cutaneous manifes- 
tations of systemic disorders, such as syphilis, as well as those with sciatica, arthritis, 
etc. The most ardent proponent of such treatment was Galés, but some others, even 
in this country, were scarcely less enthusiastic ( Revere ). 

There must have been considerable leakage from the cabinet during the half- 
hour of the treatment, but there were few objections noted on that score. Really 
bad results seemed to have been reported only by Horn (cited by Irminger). 
Irminger used the treatment upon himself and had a marked cutaneous reaction 
and an increased pulse rate (possibly due to the high temperature) after two weeks 
of two half-hour treatments per day. This led him to reduce the exposures to 15 


minutes each for the next two weeks. He reported no permanent or other serious 
ill effects. 


Some women reported an irritation of the vagina (Gales |1816]), and other 
patients found that the cutaneous disorder for which they sought relief was replaced 


by a chemical irritation of the skin (Hahn). 

Sulfur dioxide continued to be employed by some for the treatment of animals. 
Dewar used it for horses, cattle, and sheep. He did not use an enclosed stall but 
burned the sulfur in a barn. He said, “If the usual attention has been paid to means 
of ventilation, which ought to be constant in their operation, the attendant may 
shut himself in along with the cattle without the slightest risk of detriment.’’ The 
treatment was for four periods of 20 minutes each per day and continued for nearly 
four months. Dewar also mentioned use of sulfur dioxide in five cases of tuberculosis 
in man with apparently beneficial affects. He wrote, “I only know of one instance 
in which the practice was attended by disagreeable results and that was in a case 
of chronic bronchitis, in which the consequent difficulty of breathing was very 
distressing.” 

During and after the War of 1914-1918, both the French and the Germans 
had a great deal of trouble with mange (gale )*in horses (Schroder, Lépinay, Las- 
fargues, Robin). The treatment with sulfur dioxide was revived. Special stalls 
were constructed with sleeves that could be adjusted over the heads of the animals, 
leaving the ears exposed to the sulfur dioxide but the eyes, nose, and mouth free to 
the air. The period of treatment was about 30 or 40 minutes and might be repeated 
some 10 days later. The concentrations of sulfur dioxide, which was obtained from 
tanks, were usually about 4 or 5% but often were as high as 11 or even 22%. In 
one case, a horse was exposed to 40% (by volume) for 30 minutes. This was toxic, 
but the horse recovered promptly upon removal (Noller cited by Schroder). 


§ Renzi, de, Pt. 2, p. 132. 
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Schroder punctured the eardrums of one horse to see whether the sulfur dioxide 
that might pass through would produce systemic effects. None were observed. 
Schroder stated that he had but one fatality among 700 horses. Apparently, this 
animal inhaled a considerable amount of sulfur dioxide. It died two weeks after 
the exposure, and the postmortem findings included hemorrhagic pneumonia, acute 
tracheitis and pharyngitis, and hemorrhagic nephritis. 

In Robin's review, he mentioned the reports by others of the use of sulfur 
dioxide in the treatment of sheep in Germany and of sheep and camels in Russia. 
He also discussed three papers that dealt with the effects of these exposures (of 
horses) to sulfur dioxide on the temperature, pulse, and respiration and upon the 
morphology of the blood. The changes were usually slight and unimportant. (Con- 
sult also Eberhard. ) 

The use of sulfur dioxide in the treatment of dermatoses of dogs and cats seems 
to have been quite common in France in the 1920's and 1930's. Lasfargues (1942) 
listed four papers on the subject that appeared between 1920 and 1929. 

I-ven for human beings, the War of 1914-1918 saw a revival of the use of 
sulfur dioxide. Lépinay mentioned reports of its use by three others but did not 
give the places of publication. He himself employed a bathtub covered with sheets, 
through which the head of the patient projected. Sulfur was burned in the tub, and 
the patient was exposed to the fumes for from 15 to 20 minutes. 

In all these reports, there were few accounts of harm. [Eberhard had 0.9% of 
deaths among his horses, but most of these he ascribed to carelessness. With a cor- 
rection for this factor, the mortality was 0.02% ! The effect most commonly observed 
among horses was a clouding of the cornea by the gas that escaped around the 
animal’s neck. According to Lépinay, the cornified tissue could be removed as a 
pellicle, but it disappeared even without such help. 

Robin reported that a Hungarian enthusiast had used sulfur dioxide in the 
treatment of chronic keratitis of the cornea. The results were poor, the lesions often 
being made worse. 

Except for the accidents already referred to, | have found no record of perma- 
nent harm to man or beast that could be referred to effects of the therapeutic use 
of sulfur dioxide. Injury may have occurred, but apparently it was not reported. 
Nor have I found any record of such injury during the years in which sulfur dioxide 
was in general use for the fumigation of ships, buildings, clothes, bedding, ete. 

As a matter of fact, Schott used sulfur dioxide and other means in the treat- 
ment of a patient with diphtheria, with recovery. Temporarily favorable results 
were also obtained in a patient with tuberculosis. Rawlins (1937) claimed good 
results with the use of the gas in the treatment of the common cold. 


IV. EARLY REPORTS OF DAMAGE DUE TO INDUSTRIAL EXPOSURES TO SULFUR DIOXIDE 
AND TO SULFURIC ACID 

(a) The first reports of lasting harmful effects from the use of sulfur dioxide 
came from its use in industry. The first that is clearly due to sulfur dioxide, and 
nothing else, dates from 1821 (Bérard and associates). At that time, as apparently 
up to quite recently, perhaps even at present (Hibbert), sulfur dioxide was used 
for the bleaching of silk, wool, and other materials. There were many complaints 
of the irritating action of the gas upon the workers. A commission was appointed 
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to design a better chamber for the bleaching and succeeded in doing so ( Bérard). 
Some years later (Zeller, Greiss) there was complaint of the chronic exposure to 
sulfur dioxide among workers in the drying of sugar beets. The complaints 
(Zeller) were chiefly related to the irritation of the respiratory and digestive tracts, 
which was said to have proceeded to pneumonia, gastritis, and enteritis. There was 
also irritation of the vagina. Twenty years later, perhaps because the exposures 
were less severe, Greiss observed only the respiratory symptoms. These early 
reports were not accompanied by any data regarding the concentration of sulfur 
dioxide. 

Rostoski and Crecelius examined 18 workers who had been exposed to the 
exploding mass of a “cooker” employed in the digestion of wood in the making of 
paper. The usual rapid healing that follows nonfatal exposures to irritant gases 
did not occur. The death of one man 10 months after the explosion was ascribed 
to that accident; that of another 5 months later (15 months in all) was appar- 
ently due to ‘an intercurrent pulmonary infection. Eight others were incapacitated 
by chronic bronchitis and emphysema, confirmed by x-ray, as long as three years 
after the accident. The eight who returned to work complained of shortness of 
breath, and five had symptoms of bronchial catarrh. All showed lesions in the 
lungs, ascribed to the explosion. 


Although Rostoski and Crecelius entitled their paper “Zur Kenntnis der 
Sulfitgasvergiftungen,” it appears to me that the serious results of this explosion 
were due not to sulfur dioxide but to the wood and its products. 


However, there was one finding that is of interest in our present discussion. 


Of the 18 workers who had been exposed to the explosion, 4 showed an abnormally 
high number of red cells per cubic millimeter of blood and a correspondingly high 
concentration of hemoglobin. Of 20 other employees of the factory, in all parts of 
which the odor of sulfur dioxide was noticeable though the concentration was not 
great enough to cause any irritation of the eyes, & showed similar, though less 
marked, changes in the blood, All had a ruddy, fresh appearance (rotes, frisches 
Aussehen). The possible significance of this will be discussed in Section VIII. 


(b) Industrial intoxication by sulfuric acid achieved prominence with the advent 
and widespread use of the lead-sulfuric acid battery. Apparently, the batteries were 
not covered as they are now. At any rate, it was found that enough sulfuric acid 
mist escaped into the air to cause coughing and sneezing. The concentrations found 
by Kirstein in the charging room of a factory varied from 75 to 97 mg. per cubic 
meter. These values were probably low because of imperfect collection. With a 
better method, Dorsch found that such values could obtain in the battery room of 
a telephone exchange. Dorsch also found that concentrations only one-tenth as 
great were decidedly objectionable and that even 0.5 mg./m.* could be detected by 
its effects upon the nose and throat. (Consult also Section VI.) 


V. EXPERIMENTAL DETERMINATION OF TOLERANCE TO SULFUR DIOXIDE 
The first one to publish figures for the tolerable concentrations of sulfur dioxide 
vas Hirt. His statement that from 1 to 3% was without ill effect, except in some 
sensitive individuals, is absurd. He did not mention the method of analysis, but 
either this or his arithmetic (or both) was obviously faulty. 
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Only two years later (1884), Ogata reported the results of the first experiments. 
He found that 400 ppm for four hours produced dyspnea in rabbits, guinea pigs, 
and mice. There was also clouding of the cornea, which disappeared after removal 
of the animals from the experimental chamber. Similar effects on himself were 
observed after an exposure of two hours to 544 ppm. He tried to breathe air 
containing 500 ppm but found that he could not take a full breath because of an 
irresistible desire to cough. 

This was probably the first observation of the greater sensitivity of man as 
compared with other mammals (Table 1). 


Lehmann (1893) investigated the concentration of sulfur dioxide in the vicmity 
of the preparation of bisulfite solutions for the making of paper. He found that 
such air contained from 6 to 30 ppm and that the workers, who had a blooming, 
healthy appearance (blithendes, gesundes Aussehen), paid no attention to this. 
Lehmann and his two assistants, who were not accustomed to sulfur dioxide, experi 


enced nasal irritation after 10 or 15 minutes at 6.5 and 11.5 ppm. No other difficulty 
was observed in 30 minutes at 14 or 15 ppm, but with increasing concentrations, 
the symptoms became more marked so that 30 to 57 ppm were decidedly disagreeable 
and the exposures did not exceed 15 minutes. |ehmann stated that the workers, 
accustomed to sulfur dioxide, reacted to 30 to 40 ppm as he and his assistants did to 
10 to 20 ppm. 

A few years later, Kisskalt repeated and extended some of Ogata’s experiments. 
He kept rabbits in a chamber containing the gas mixture for nine hours a day. At 
730 ppm the rabbits remained motionless and developed a cloudiness of the cornea. 
When removed into fresh air, they ran about, and the corneal cloudiness disappeared 
by the next day. They seemed healthy three weeks later. There was considerable 
variation in the reactions of the rabbits to repeated exposures, but two survived 
170 ppm for nine hours a day for eight days. Kisskalt tried to breathe air containing 
sulfur dioxide. He could not take a full breath at 1,500 ppm, nor could he continue 
to breathe 300 ppm for any length of time. 

Yamada, whose results were made more generally available by Lehmann (1908), 
seems to have been the only investigator to attempt to ascertain how much sulfur 
dioxide was retained. He used rabbits. When they breathed air containing 1.09 
or 1.3 mg. per liter, or 383 or 445 ppm, for 30 minutes, some 58 or 59% was 
absorbed. No gross ill effects were observed; the respiratory mucosa appeared 
unaffected, and only a slight emphysema was found in the lungs. Air containing 
10 mg. per liter (3,700 ppm) was fatal to one in 25 minutes, whereas even 5,100 
ppm for 30 minutes did not seem to inconvenience two others. 

However, when the animals were killed, the lungs showed edema and 
emphysema. In three heroic experiments upon himself, Yamada breathed mixtures 
containing 140, 240, and 210 ppm, respectively, for 30 minutes. These produced 
marked irritation of the nose and sneezing and, with the two higher concentrations, 
irritation of the eyes and lacrimation. In shorter experiments with the same con- 
centration but in which the total respiratory volume was 14 liters, 79, 65, and 73%, 
respectively, were retained. 

In the same volume of the Archiv fir Hygiene in which Lehmann published 
Yamada’s results, Ronzani reported the results of his experiments. He had exposed 
15 rabbits, 24 guinea pigs, and 3 pigeons to approximately 500 ppm for six to seven 
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of Sulfur Dioxide 


Concen- 
Observer tration, 
and Date Species Effects 


Ogata, 1884 Guinea pigs, mice, rabbits 2 Dyspnea, clouding of cornea 
Guinea pigs, mics, rabbits 2 A Dyspnea, clouding of cornea 
Man Could not take full breath 
Lehmann, 1893 Man unaccustomed to SO2 6511.5 10-15 min Nasal irritation 
Man unaccustomed to SOz 14-15 30 min. More disagreeable 
Man unaccustomed to SOe 30-37 15 min Sneezing, some coughing 
Men accustomed to 802 30-40 As unaccustomed men to 
10-20 ppm 
Kisskalt, 1904 Rabbits 730 Motionless, corneal clouding, 
prompt recovery 
Rabbits 170 9 hr./ 2 survived out of 4 
day, 
8 days 
Man 300 Could not breathe it any 
length of time 
Lehmann, Yamada, Rabbits ©. 400 30 min, None observed even at 
1908 autopsy 
Rabbits 3,700 25 min. Fatal to 1 exposed 
Rabbits 5,100 30 min. None obvious in 2, but emphy- 
sera and edema of lungs 
at autopsy 
Man 140-240 30 min. Sneezing, lacrimation 
Ronzani, 1908 Rabbits Ww) 6-7 br. Restless, lacrimation, sneezing 
day, on first few days; 1/15 died 
month on 18th day 
Guinea pigs WW) 6-7 hr./ 1/24 died on Sth day 
day, 
month 
Rabbits and guinea pigs i 6-7 br./ None apparent 
day, 
month 
Holmes and others, Men and women un- Not detected by any of 28 
1915 accustomed to SOz 4 Something foreign by 2/28 
: Burning sulfur or something 
foreign, 10/28 
Burning sulfur or something 
foreign, 14/28 
Burning sulfur or something 
foreign, 22/28 
Identified by all 
Very disagreeable 
Men and women accus- Not detected by any of 32 
tomed to SOz Something foreign suspected 
by 13/28 
SOz or something foreign 
by al 
Identified by 30/32 
Identified by 31/32 
Identifled by 31/32 
Very disagreeable 
Men and women, both 5 Not considered a nuisance for 
groups short time, except by a few 
Vedder and Arm- Mice, rats, rabbits 25 i hr. None 
strong, ¢. 1918 


Mice, rats, rabbits 5 br. Killed mice and rabbits, 
not rats 


Mice, rats, rabbits Contin- None 
guinea pigs uous, 
90 days 
Millstein, 1928 Rabbits 15 min./ Unimportant catarrhal 
day, changes in deeper respira- 
2-3 mo. tory passages 
Elenerski, 1928 Rabbits 15 min./ Unimportant hyperemia of 
day, mucosa, emphysema of 
2-3 mo. lungs, dilatation of heart (!) 
Weedon and others, Mice (12) 238 hr. Restless at first, later leth- 
1989-1940 argy, rhinitis, conjune- 
tivitis, dyspnea 
Mice (10) 361 br. None 
Mice (15) h 1,137 hr. None 
Mice (20) 984 hr. 8 died, 506-888 hr., apparently 
from epizootic; others 
showed no effect 
Guinea pigs (10) 720 br. None 
Guinea pigs (10) 2 1,137 hr. None 
Guinea pigs (14) 984 hr. 1 died, apparently from epi- 
zootie pneumonia at 262 hr. 
Guinea pigs (8) 2 118 br. 4 died at 54, 104, 107, 113 hr., 
respectively 
Amdur and others, Men and women (14) 1 10 min. Usually not detected, but 
1953 increased respiration rate 
Men and women (14) f 10 min. Objectionable to some, not 
to others 
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hours a day for a month. Nearly all were restless at first, sneezed, and lacrimated, 
but these signs of discomfort disappeared by the end of the second week. One 
rabbit died on the 18th day; one guinea pig, on the 5th, and another, on the 15th. 
A similar experiment with 50 ppm produced no obvious ill effects in 1 rabbits, 20 
guinea pigs, and 2 pigeons. 


Holmes, Franklin, and Gould carried out an extensive series of experiments 


upon 60 human subjects. It appears from their results, summarized in Table 1, 
that none of these 60 subjects detected the presence of 1 ppm of sulfur dioxide 
and that the presence of a foreign substance at 2 ppm was sensed by only 2 out of 
28 persons not accustomed to sulfur dioxide and by 13 out of 32 who were familiar 
with it. Increasing concentrations were detected and identified by an increasing 
proportion of the subjects until at about 10 ppm all found the mixture very dis- 
agreeable. These workers also found that their subjects were more sensitive to 
sudden changes in concentration than to gradual ones and that exposure to low 
concentration, about 3 ppm, made them insensitive and uncertain in their response 
to slightly higher concentration, 3.5 ppm. 

The following paragraph from the report of Holmes, Franklin, and Gould || is 

quoted in its entirety : 
With the exception of a few cases, no subjects thought that any concentration less than 5 parts 
sulphur dioxide per million, even if continued for a considerable length of time, could be 
considered a nuisance. Occasional short period whiffs of less than 5 parts per million certainly 
could not be considered a nuisance to anyone. Long-continued breathing of air containing 
slightly more than 5 parts per million would probably cause discomfort to most people, though 
occasional momentary whiffs of 5 to 10 parts per million would not be disagreeable. As a few 
breaths of a mixture containing more than 10 parts per million caused the greater proportion 
of the subjects to feel the throat irritation and coughing, such a concentration, even if present 
at long intervals, and only for a short time, would probably be considered a nuisance by most 
people. (Italics mine) 

There are two Russian reports ( Millstein; Elenerski and Peisachovic) on the 
effects of sulfur dioxide upon rabbits. In both sets of experiments the animals 
were exposed to 0.5 mg. per liter (187 ppm) for 15 minutes daily for two or three 
months. Millstein reported unimportant catarrhal changes in the lower respiratory 
passages, and Elenerski and Peisachovic recorded unimportant (7[1. G.]) dryness 
of the mucosa, emphysema of the lungs, and dilatation of the heart (!). 

The use of chlorine and later of other toxic gases, vapors, and smokes in the 
War of 1914-1918 prompted at least one study of the effects of sulfur dioxide. Ved- 
der and Armstrong exposed mice, rats, and rabbits to 25 ppm for six hours a day for 
15 days. There were no deaths, but 50 ppm for six hours a day for 30 days killed 
the mice and rabbits but not the rats. Ninety days’ continuous exposure to 10 
ppm was apparently innocuous to mice, rats, rabbits, and guinea pigs. 

The mice used by Vedder and Armstrong seem to have been less resistant than 
were those of Weedon, Hartzell, and Setterstrom (1939). The experiments of the 
latter were complicated by the appearance of epizootics. However, these investi- 
gators found that even 109 ppm for 238 hours had no apparent ill effect upon one 
group of 12 mice. They also exposed 10 mice to 10 ppm for 361 hours and 15 mice to 
25 ppm for 1,137 hours without apparent injury. Two were then killed; the others 
were still alive three weeks later. Of 20 mice exposed to 33 ppm, 8 died at from 506 


|| Holmes, Franklin, and Gould, p. 174. 
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to 888 hours. The others survived to the end of the treatment, 984 hours. Two 
were then killed for autopsy, but the others were still alive two weeks later. Post- 
mortem examinations of the animals seem to show httle but distended gall bladders, 
slight to moderaté distention of the lungs, and occasional pleural hemorrhages. 


Somewhat similar results were obtained with guinea pigs. One group of 10 
also resisted exposure to 25 ppm for 1,137 hours without fatality. However, of 
cight exposed to 112 ppm, four died in 54, 104, 107, and 113 hours, respectively. The 
remaining four were then released, but three died within the next two weeks. The 
authors’ Table 7, headed “Itfect of Age of Guinea Pigs on Susceptibility to SOs,” 
suggests a greater susceptibility of 3- or 4-month-old animals than of those 12 or 
28 months old to the action of 64 ppm. However, the small number of animals 
(five, two, and three, respectively ) precludes any definite conclusion. At other con- 
centrations, 11, 26, 33, and 1,039 ppm, there was no indication of any difference 
between young and old. 

The most recent experiments, those of Amdur, Melvin, and Drinker, were 
upon human subjects. They differed from those of Lehmann and of Holmes, 
Franklin, and Gould in that the information gathered was not limited to that offered 
by the subjects. The pulse and respiration (rate, volume, and pattern) were 
measured, In agreement with the earlier workers, Amdur, Melvin, and Drinker 
found that concentrations of from 1 to 2 ppm for 10 minutes were usually not 
detected by their 14 subjects. even at 5 ppm the subjects did not actually “smell” 
the gas but reported a dryness in the throat, and one person found it so objectionable 
that the experiment was ended after five minutes. At 6 to 8 ppm, the gas was 
definitely identified, though the mixtures were not objectionable to the remaining 
13 persons. However, at 5 ppm and even at 1 ppm there was an increase in the 
rate of pulse and respiration and a decrease in the volume of each breath. The sub- 
jects were not conscious of these changes. These effects were not observed with 
two men who had frequently been exposed to 10 ppm. In explanation of this observa- 
tion, the authors quoted from Haggard a description of the changes in the lungs 
allegedly due to frequent exposure to sulfur dioxide or to other irritant gases. .\ 
discussion of this is reserved for Section VIII. 


VI. OBSERVATIONS WITH MISTS OF SULFURIC ACID 

As previously stated, some of the sulfur in the air is present as sulfuric acid, 
acid sulfate, and neutral sulfate. The last is presumably nearly or quite innocuous 
in the concentrations found, although there seem to be no recorded observations. 
(Consult Hemeon., ) 

In Section [V reference was made to the observation of Dorsch upon the con- 
centrations of sulfurie acid to be found in the battery room of a telephone exchange. 
Apparently in experiments upon himself, Dorsch found that sulfuric acid equiva- 
lent to 0.5 mg./m.* of sulfur trioxide was scarcely detected and that concentrations 
up to the equivalent of 2 mg./m.* occasioned only slight discomfort. At greater con- 
centrations, the discomfort increased and was marked at from 6 to & mg./m.* 

Treon, Dutra, Cappel, Sigmon, and Younker exposed guinea pigs, mice, rats, 
and rabbits to mists of sulfuric acid (Table 2). One group of three guinea pigs died 
upon exposure of two and three-fourths hours to 87 mg./m.*, but another group of 


three withstood 118 mg./m.* for one hour. Still another group of three was killed 
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by an exposure of seven hours at 180 mg./m.* None of these treatments killed any 
of the mice, rats, or rabbits. Exposure of two groups of five mice each to 138 and 175 
mg./m.° fer three and one-half hours killed two and three mice in the respective 
groups but left rats and rabbits unaffected. Higher concentrations and repeated 
exposures killed all the animals, but the rabbits were clearly the most resistant. 
A similar difference in susceptibility between guinea pigs and mice was observed 
by Mathur and Olmstead. 


Amdur, Schulz, and Drinker used a very much larger number of animals than 
did Treon and associates but confined their attention to guinea pigs. They observed 
a marked difference in the susceptibility of young (1 to 2 month) and of old (one 


Taste 2—Experimental Determination of the Effects of Comparatively Low Concentrations 
of Sulfuric Acid Mists 


Concen 
Observer and tration, 
Date Species Me. M#* Time Effects 
Dorseh, 1913 Man 
Man 
Man 
Man 
Treon and others, Guinea pigs (3) 
19%) Mice (5), rats (2), rabbits (2) No deaths 
Guinea pigs (3) No deaths 
Guinea pigs (3) 7 All died 
Mice (5), rats (2), rabbits (2) f 
Mice (5), rats (2), rabbits (2) 
Mice (5), rats (2), rabbits (2) 
Mice (5), rats (2), rabbits (2) 
Mice (5), rats (2), rabbits (2) 2 mice, 2 rats, 1 rabbit killed 
Mice (5), rats (2), rabbits (2) 4 mice, 2 rats, 1 rabbit killed 
Mice (5), rats (2), rabbits (2) J 7 All killed 
Mathur and Olm- Guinea pigs 
stead, 1952; Guinea pigs 
cited after Amdur Mice 
and others Mice 


Searcely detected 
Slight discomfort 
Distinet diseomfort 
Marked discomfort 
All died 


2 mice dead; no others 
% mice dead; no others 
5 mice, 2 rats killed 
2 mice, 2 rats killed 


30 min No effect 
30 min Slight symptoms 
30 min, No effect 
min Slight symptoms 
Amdur and others, Guinea pigs, 1-2 mo., 250 em Shr. No mortalit 
1952 Guinea pigs, 1-2 mo., 250 ¢m Shr. Killed half ¢ 
Guinea pigs, 15 yr., 1 ke 
Guinea pigs, yr., ke i Shr. 
Amdur and others, Men and women (15) 
1952 


y 

of the animals 

No mortality 

Killed half of the animals 

5-15 rnin Usually not detected 

Men and women (15) &15 min Detected by 2 

Men and women (15) &15 min Detected by all “like breath 
ing dusty air’ 

&-15 min. Very objectionable to some; 
usually produced coughing 

15 min Inereased respiration in 

min Increased respiration in 5 

5-15 min Increased respiration in 
remaining 5 


Men and women (15) 
Men and women (15) 


Men and women (15) 
Men and women (15) 


and one-half year) animals. light hours’ exposure to 1& mg./m.* killed one-half 
of the young animals, but it required a similar exposure to 50 mg./m.* to have a 
similar effect upon the old group. The maximum concentrations that caused no 
deaths were 20 mg./m.* for the old group and & mg./m.* for the young one. 
Strangely enough, even prolonged exposure (24 and 72 hours) at 8 mg./m.° killed 
none of the animals in spite of the fact that even three weeks after the exposure 
the lungs still showed larger areas of consolidation. A similar lack of increased 
mortality upon long exposure was observed at 12 and 16 mg./m.* The investigators 


postulated two types of action of the sulfuric acid, one producing spasm and prompt 
mortality, the other damage to the lung which took longer to become evident but 
which was repaired very slowly. Thus, exposure to 8 mg./m.* for 72 hours pro- 


duced much more evident damage, even though none of the animals died, than did 
exposure for 8 hours to 20 mg./m.*, which killed one-half of them. 
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Turning again to human beings, we find that the results obtained by Amdur, 
Silverman, and Drinker are in fair agreement with those reported by Dorsch 40 
years earlier as to the concentration at which sulfuric acid is detected and becomes 
objectionable to man. None of their 15 subjects detected the presence of sulfuric 
acid at concentrations of less than 1 mg./m.* This was the threshold for two. 
With 3 mg./m.* all noticed something “like breathing dusty air.” Five milligrams 
per cubic meter usually produced coughing and was very objectionable to some. 

Just as with sulfur dioxide, these investigators found that concentrations of 
sulfuric acid that were not detected by the subject increased the rate of respiration 
and decreased the volume of each breath. This effect was observed at 0.35 mg./m.* 
in five subjects, at 0.4 mg./m.* in five others, and at 0.5 mg./m.* in the remaining 
five. An average of 77% of the amount inhaled was retained. 

It is apparent from the results reported in this and the preceding section that, for 
the same amount of sulfur, sulfuric acid is much more toxic than is sulfur dioxide. 
A concentration of 1 ppm of sulfur dioxide, which was not noticed by any of the 
75 subjects (Holmes, Franklin, and Gould; Amdur, Melvin, and Drinker), is the 
equivalent of 4 mg./m.* of sulfuric acid which was found objectionable by all the 
14 persons exposed to it (Amdur, Silverman, and Drinker). There is a similar 
difference in the toxicity to animals. In one series (Ronzani), 20 guinea pigs with- 
stood 50 ppm of sulfur dioxide for six or seven hours a day for a month without 
any deaths and with but | killed out of 24 exposed to 500 ppm for the same time. 
Amdur, Schulz, and Drinker found that exposure to 50 mg./m.* of sulfuric acid, 
equivalent to only 12.5 ppm of sulfur dioxide, killed one-half of their adult guinea 
pigs within eight hours, and Treon and his associates found that 118 mg./m.*, 
equivalent to 30 ppm of sulfur dioxide, killed all three of their guinea pigs within an 
hour. 

Since such slight evidence as is available does not indicate a marked difference 
in the proportions absorbed, the difference in toxicity may be related to the differ- 
ence in the dissociation of the two acids, to possible differences in the place of 
absorption, or to other factors. 


There seem to be great differences in the susceptibility of different species and 
even of individuals of the same species. Man is much more sensitive both to sulfur 
dioxide and to sulfuric acid than are the other animals used. Rats are the most 
resistant to sulfur dioxide, but the order of susceptibility of mice, guinea pigs, and 
rabbits is not clear. It would seem that guinea pigs are the most sensitive to sulfuric 
acid, with mice, rats, and rabbits following in the order named. 


VII. EFFECTS OF CHRONIC EXPERIMENTAL OR INDUSTRIAL EXPOSURE TO SULFUR 
DIOXIDE: EFFECTS OF CHRONIC OR OF ACUTE EXPOSURE 
UPON RESISTANCE TO DISEASE 

The experience of the participants in the War of 1914-1918 demonstrated that 
there was no greater susceptibility to tuberculosis among those who had recovered 
from the acute effects of exposure to the irritant gases then employed than there was 
among those who had not been so exposed. Several years earlier (1904), Kisskalt 
had made a few experiments which led him to believe that tuberculosis had developed 
more rapidly in eight rabbits previously exposed to from 50 to 76 ppm of sulfur 
dioxide for nine hours a day for eight days than it had in five control animals. Be- 
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cause of the small number of animals used and the unsatisfactory criterion of the 
difference. his conclusions cannot be regarded as established. A few years later, 
Ronzani found that exposure’ to 500 ppm of sulfur dioxide for six or seven hours a 
day for a month lowered the resistance of rabbits and of guinea pigs to inoculation 
with a variety of micro-organisms, including the tubercle bacillus, and lessened the 
production of antibodies and agglutinins. Although the animals lost weight, the 
number of red blood cells and the concentration of hemogloblin rose from 5 to 50%. 
The possible significance of this will be discussed later. Similar treatment for 15 
days at 100 ppm had a much slighter effect and for 30 days at 50 ppm had none. 

Vintinner and Baetjer found that rats previously exposed to the smoke produced 
by the combustion of bituminous coal and containing from 0.7 to 1.6 ppm of sulfur 
dioxide for periods of eight hours a day, 5 days a week, for a total of 154 days of 
actual exposures were no less resistant to intratracheal inoculation with Type | 
Pneumococcus than were the control rats. 

But daily exposure for a month or even seven months is not the same as chronic 
occupational or residential exposure. Moreover, as is evident from the figures 
already presented, man is much more sensitive to sulfur dioxide than is any other 
animal employed by any of the experimenters, and the rat, used by Vintinner and 

Saetjer, is one of the most resistant. Do people who are regularly or frequently 
exposed to comparatively low concentrations of sulfur dioxide suffer any impairment 
of health therefrom ? 

In 1940, Evans published the results of his study of the experience of workers 
in a large chemical factory. His data included the results of a clinical examination 
every three months, the incidence of pulmonary infections as indicated through an 
insurance plan, and the results of x-ray examination at intervals of four or five 
years. The workers in the sulfuric acid division were occasionally exposed to sulfur 
dioxide of such concentration that escape was necessary. There was no indication 
of any difference between these workers and those in other parts of the factory who 
were not exposed to these or to other irritant fumes. 

Anderson compared the ages, weights, blood pressure, vital capacities, and 
roentgenographic (chest) findings in two groups of native workers who had been 
employed at the Abadan refinery for from 1 to 19 years. One group had been 
exposed to sulfur dioxide in concentrations up to 25 ppm frequently and to 100 ppm 
occasionally. The other group had not been so exposed. There was no evidence 
of adverse effect of the sulfur dioxide. There were no significant differences in age, 
body weight, blood pressures, or x-ray findings. The average vital capacity in the 
exposed group was actually greater than in the control group. 

Against these reports of the harmlessness of occasional, even frequent, exposures 
to fairly high concentrations of sulfur dioxide, we must balance those from estab- 
lishments in which a considerable concentration was continuously maintained 
throughout the working day. 


Kehoe and his associates made physical examinations of 200 workers in a refrig- 
erator factory and questioned them as to their health. It was found that the 100 
who worked in the charging room, where the concentration of sulfur dioxide was 
between 5 and 70 ppm, generally 20 to 30 ppm, but occasionally was high enough to 
drive the men from the room, had a significantly higher incidence of pharyngitis 
and tonsillitis, of highly acid urines (methyl red), and of abnormal reflexes than 


467 


| 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


did the 100 who worked in the other parts of the factory. There was no significant 
difference in the incidence of colds or in a number of other data, including the 
hemoglobin and red cell content of the blood. The last is of particular interest, for 
there is some slight evidence to indicate that exposure of men to somewhat lower 
concentrations may increase both of these. 


Humperdinck examined 87 men employed in the sand casting of an alloy of 
magnesium, Sulfur was mixed with the sand in order to prevent oxidation of the 
magnesium. Much of the sulfur was oxidized and gave rise to fumes of sulfur 
dioxide, carrying with them what was believed to be colloidal sulfur. Unfortunately, 
there were no analyses of the atmosphere. From the effects upon the eyes and nose 
and from the rapidity with which blue litmus paper was reddened, the concen- 
tration of sulfur dioxide was estimated as at least 0.4 mg. per liter (150 ppm) in 
the immediate vicinity of the casting and at from 0.004 to 0.06 mg. per liter (1.5 
to 23 ppm) at a distance of 2 or 3 meters therefrom. The lower figure is probably 
too low, for it is stated that the concentration of sulfur dioxide was sufficient to 
cause smarting of the eyes and coughing in those not accustomed to it. Humper- 
dinck found that those who had been employed in the plant for more than a year 
complained of a chronic catarrh and of constriction of the chest. Stethoscopic exam- 
ination revealed various abnormal sounds which were interpreted as evidence of 
chronic bronchitis and of emphysema. Roentgen-ray examination of a few persons 
confirmed the latter diagnosis. Measurement of the chest expansion showed that 
this was lower in those employed for from 1 to 10 years than it was in those em- 
ployed for less than a year, and less in those than in a control group made up of 
employees in a printing establishment. These also had catarrh and bronchitis pre- 
sumably due to the inhalation of an alcoholic aerosol or a dust of gum arabic, 
Those employed in the casting of magnesium for more than a year showed an average 
of 16.54 gm. of hemoglobin per 100 ml. of blood and 5,160,000 red bloed cells per 
cubic millimeter. Humperdinck quoted another as having found, by the same 
methods, 16.03 gm. of hemoglobin per 100 ml. and 4,960,000 red blood cells in a 
group of 20 soldiers and 20 students. However, Humperdinck also states that he 
found an average of 17.5 gm. of hemoglobin per 100 ml. in his control group of 
printers, 

It will be recalled that Rostoski and Crecelius found simular but more marked 
changes in some of the employees of a paper mill, in the air of which the concentra 
tion of sulfur dioxide was much lower, presumably less than 10 ppm. In 1903, 
Lehmann had noted that 360 workers in a paper mill in which the air contained from 
6 to 30 ppm of sulfur dioxide had a blooming, healthy appearance (blithendes, 
gesundes Aussehen). Was this a sign of an increased number of red cells ? 

Ronzani observed a marked increase in the number of red cells and in the con- 
centration of hemoglobin in the blood of rabbits and of guinea pigs exposed to 500 
ppm of sulfur dioxide for six to seven hours a day for a month but not when they 
were similarly exposed to 50 ppm. Is this another indication that these animals 
are less sensitive to sulfur dioxide than is man? 

To sum up, the evidence regarding chronic intoxication is rather conflicting. 
However, it appears that occasional, even frequent, exposures to rather high con- 
centrations of sulfur dioxide are not as harmful as continuous (working-day ) expos- 
ures to lower, apparently more tolerable, concentrations. 
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VIII. MAXIMUM ALLOWABLE CONCENTRATION FOR PROLONGED 
EXPOSURE TO SULFUR DIOXIDE 
In 1924, Haggard listed a number of pathological conditions in the lung due to 
chronic exposure to irritant gases, including sulfur dioxide. Very similar statements 
are to be found in both editions of Henderson and Haggard’s “Noxious Gases.” It 
is therefore surprising to find in the table of Henderson and Haggard the listing of 
10 ppm as the “maximum allowable concentration for prolonged exposure.” { They 
gave Fieldner and Katz as authority for this, but the latter gave no such opinion, 
They merely stated that Holmes, Franklin, and Gould had found that 8 to 12 ppm 
produced a slight throat irritation and tendency to cough. The portion of the 
publication by Holmes, Franklin, and Gould previously quoted in Section V states, 
“As a few breaths of a mixture containing more than 10 parts per million caused 
the greater proportion of the subjects to feel the throat irritation and coughing, such 
a concentration, even if present at long intervals, and only for a short time, would 
probably be considered a nuisance by most people.” 
lf a few whiffs produced this reaction and if, as Henderson and Haggard stated, 
no true tolerance is developed, it would seem that 10 ppm may be too high for 
maximum allowable concentration for prolonged exposure, 


IX. EFFECTS OF SULFUR DIOXIDE OR OF SULFURIC ACID IN) ALTERED 


OR PATHOLOGICAL CONDITIONS 

Mention has already been made of the use of sulfur dioxide in the treatment of 
various disorders and of the effect of inhalation of this gas upon the formation of 
antibodies and upon their resistance to moculation with various micro-organisms. 
May there be some conditions of impaired health that are made definitely worse by 
even low concentrations of sulfur dioxide or of sulfuric acid? The possibility exists, 
and indeed the work of Amdur, Melvin, and Drinker (previously mentioned in See- 
tion \) and the experience of the Meuse Valley, Donora, and London episodes (See- 


tion XL) make this almost probable, but definite information is lacking. Exposure to 
sulfur dioxide has been implicated in the production of asthma ( Romanotf, Dowling ) 
and in the incitement of an asthmatic attack (Cooke), but the evidence purporting 
to establish such a connection appears so slight as to be quite unconvineing. 


X. EFFECTS OF SULFUR DIOXIDE IN) COMBINATION WITH OTHER 
CONTAMINANTS OF THE ATMOSPHERE 


At the recent meeting of the American Association for the Advancement of 
Science in Boston, Amdur reported that a mixture of 8 mg./m.* of sulfuric acid and 
of 89 ppm of sulfur dioxide was more toxic than was either alone, This is not 
surprising. It is quite possible that the immediate sites of action of both of these 
irritants are the same or are overlapping. If this is so, a mixture should produce an 
additive effect. A more real and troubling question is that of possible synergistic 
action when sulfur dioxide or sulfuric acid is associated with some other material 
or materials having quite different activities or these so slight as to be in themselves 
quite negligible. Dautrebande and Capps found that the presence of aerosols of from 


€ This is the first occurrence of this statement that I have found. It seems to have been 


copied, directly or indirectly, by a great many, without any attempt to verify the reference or 
to examine the evidence. 


469 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


1.0 to 2.5 “p.p.m.” # of sodium chloride or of 1.5 to 4 “p.p.m.” of used motor oil or 
of 0.07 to 0.3 “p.p.m.” of a 10% suspension of carbon black in Diesel oil greatly 
increased the irritant action of 0.55 ppm of sulfur dioxide or of 0.2 to 0.5 ppm of sul- 
fur trioxide (0.8 to 2.0 mg./m.* [I.G.]) upon the eyes, nose, and throat. Since the 
sodium chloride was nonirritant and the motor oil and the carbon black in Diesel 
oil had very little action, it appeared probable that a truly synergistic effect was 
involved, It would seem that experiments such as these should be repeated and 
extended. More recently, La Belle, Long, and Christofano have determined the 
5. T.se (survival time of one-half of the animals used) for mice exposed to fumes 
of nitric acid or to vapors of acrolein or of formaldehyde, either alone or mixed 
with various aerosols or dusts. It was found that the toxicity of acrolein and for- 
maldehyde was either unaffected or was increased by the aerosols and dusts but that 
the toxicity of the nitric acid fumes was decreased by several. Whatever the mech- 
anism of the latter effect may be, it is possible that some materials might diminish 
the toxicity of sulfur dioxide and that additions of these to the atmosphere might be 
useful in certain industries 


XI. RELATION OF SULFUR DIOXIDE AND SULFURIC ACID TO THE FOG OR SMOKE 
EPISODES OF THE MEUSE VALLEY, DONORA, LOS ANGELES, AND LONDON 

Only in the episodes in Los Angeles and London have analyses for sulfur dioxide 
and for sulfuric acid been possible. It is clear from the many analyses recorded for 
Los Angeles and from those reported by Wilkins for London during the episode of 
December, 1952, that the concentrations of neither sulfur dioxide nor sulfuric acid, 
nor the two together, rose to a level that might by themselves be considered even 
annoying to healthy adults. Firket’s calculation of the maximum possible concen- 
tration in the Meuse Valley does indeed lead to a higher value (38 ppm of sulfur 
dioxide), but it is doubtful that this value was really attained. (Consult also Batta, 
Firket, and Leclerc.) 

However, it must be remembered that the increased mortality in the Donora, 
Meuse Valley, and London episodes affected chiefly the very young, the old, and 
the infirm. We have no information regarding the effect of sulfur dioxide upon 
such persons. It is quite possible that they are much more sensitive to sulfur dioxide 
than are mature men and women in good health. The technique employed by Amdur 
and her associates would appear to be suitable for an investigation of this matter. 

The possible relation of the susceptibility of animals to their age seems to have 
been considered only by Weedon, Hartzell, and Setterstrom and by Amdur, Schulz, 
and Drinker. It will be recalled that the latter found that guinea pigs that were only 
1 or 2 months old were much more susceptible to sulfuric acid mists than were 
mature animals, one and one-half years old. 

In his paper before the United States Technical Conference on Air Pollution 
in 1950, Herington included the effect of the water content of fog as one of the 
“neglected areas of investigation.” The neglect has continued, perhaps because it 
is difficult to see how the problem is to be investigated. There are few regions, ii 
any, that are sufficiently populated as to offer significant statistical data that are 


# Just what was meant by “p.p.m.” in the case of sodium chloride, motor oil, etc., is not 
clear. In one table, the expression was defined as “amount of material dispersed in 10 m3” 
but the unit of mass was not given. Presumably, milligrams were meant. 
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not also so industrialized as to seriously contaminate the atmosphere when meteoro- 
logical conditions (fog) interiere with dispersal. One suggestion may be made. 
There seems to be a nonindustrial area of England that is subject to fog (50 or 
more days per year). This is the region from Brighton to Eastbourne (Pye *). 
Brighton, at least, has a large population of elderly and infirm people. An investiga- 
tion of the morbidity and mortality in periods of fog in Brighton and places to the 
vast thereof might be rewarding. 


XII, SUMMARY AND CONCLUSIONS 

A review of the literature on the effects of the inhalation of low concentrations 
of sulfur dioxide and of sulfuric acid upon man and mammals may be summarized 
as follows. 

The various species differ greatly in susceptibility, rats being the most resistant 
and guinea pigs the least. Man is much more sensitive than is the guinea pig. 

Young guinea pigs (1 to 2 months) are much more sensitive to mists of sulfuric 
acid than are mature animals (one and one-half years). 

The therapeutic use of sulfur dioxide, particularly in the treatment of diseases 
of the skin, in man and in animals has been recalled. 

Continued exposure of animals to high concentrations (100 and 500 ppm) of 
sulfur dioxide lowered their resistance to infection with a variety of micro-organisms 
and lessened the formation of antibodies. Similar exposures to 50 ppm had no such 
effect. 

Concentrations of sulfur dioxide at 1 ppm and of sulfuric acid at 0.5 mg./m.* are 
not detected by human beings but do alter the respiratory pattern. 

Very few healthy adults find concentrations of sulfur dioxide up to 5 ppm or of 
sulfuric acid at about 1 mg./m.* objectionable. Concentrations twice as great are 
apt to be irritating. 

Reasons are given for regarding as probably excessive for prolonged exposure 
the present maximum allowable concentration of 10 ppm of sulfur dioxide. 

There is no good evidence that either chronic exposure to concentrations below 
5 ppm of sulfur dioxide or occasional exposure to higher concentrations, so long 
as these are not overpowering, have any ill effect upon healthy men. 

The possible injurious action of these or of even lower concentrations upon 
young children, upon the aged, and upon those afflicted with circulatory or respira- 
tory disturbances requires investigation. 

The possibility that such persons are adversely affected by simple fog should 
he investigated, if possible. Adequate statistics might be available from Brighton, 
England. 


The possible modifying action of other contaminants, particularly aerosols and 
dusts, should be investigated more thoroughly. 

Sulfur dioxide and sulfuric acid can neither be held responsible for the Meuse 
Valley, Donora, and London episodes nor be absolved from at least partial 
responsibility for them. 


* Pye, map, p. 79. 
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A lk ARLY as 1887 it was recognized by Curtius ' that vapors of hydrazine, then 
known as Diamid, coming from a solution were highly irritating to the eyes, 
nose, and throat. Nevertheless, scarcely any systematic studies on its toxicity have 
heen found in the literature, except occasional statements regarding its irritating 
properties. .\ naval technical committee publication * mentions that exposure to a 
moderate or heavy concentration of hydrazine vapor immediately produces violent 
irritation of the nose and throat, followed by itching, burning, and swelling of the 
eyes. It further states that the effects on the eyes are not immediately noticeable but 
develop gradually over a period of several hours. Severe exposure of the eyes to 
the vapor causes temporary blindness, lasting for about a day. Inhalation of the 
vapor causes dizziness and nausea. It also causes dermatitis and other allergic symp- 


toms in some persons. According to Thienes and associates,* who made preliminary 


studies on acute and chronic toxicities of the vapor, the concentration and exposure 
times which cause various physiological effects have not been determined. These 
investigators obtained incomplete results and drew no conclusions after exposing 
mice to the vapor for one hour, ‘They did find, however, that the vapor was highly 
adsorbed on the surface of the chamber walls, a factor of great importance in main- 
taining a known vapor concentration for inhalation toxicity studies. 

Since the above information on the inhalation toxicity of hydrazine vapor is 
inadequate for developing a program of protection and therapeusis, studies of acute, 
subacute, and chronic effects of the vapor upon animal species were indicated. 


EXPERIMENTAL STUDIES 


Mice, rats, dogs, and guinea pigs were used in these tests. The mice were females and 
weighed from 20 to 30 gm. Male white rats of the Wistar strain, from 150 to 250 gm. in weight, 
were used. The dogs were male beagles, weighing between 10 and 17 kg. The guinea pigs 
weighed about 400 gm. each. All animals were certified by a veterinary officer to be in 
excellent health and relatively free from intestinal parasites. 

A glass jar of approximately 20 liter capacity was used as a gassing chamber in the acute 
studies. The top was a painted metal plate clamped to the jar. A glass tube for influent gas 
was inserted through a hole in the plate and led to the bottom of the chamber. Another glass 
tube leading through the plate was connected with a Y-tube, one arm of which led to a 
decontaminating system, the other to a train of two collection bubblers connected in series 
for collection of chamber samples. 


From the Chemical Corps Medical Laboratories, United States Army. 
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lor the subacute studies the usual dynamic flow gassing chamber, of approximately 0.44 cubic 
meter capacity, was used. A 2 liter spherical-shaped mixing bowl, for mixing the vapor and 
air which were drawn through the chamber, was attached to the chamber. In the chronic studies 
the chamber was similar to the one used in the subacute studies, except that its capacity was 
approximately 1 cubic meter. 
PROCEDURE 
1. Acute Exposure 


Test 1 (rats, nominal chamber concentration, 20,000 mg./m.°).—Air saturated with hydrazine 
vapor was prepared by passing dried air through a bubbler containing anhydrous liquid hydrazine* 
at 25 ©. The saturated vapor was passed through the chamber at a rate of about 0.002 cubic 
meter per minute. Its concentration was determined by a nominal method, This was determined 
from the difference in weights of the agent in the bubbler before and after a run and from the 
volume of air which passed through the chamber. 

After equilibrium was established for chamber concentration, groups of six rats were quickly 
introduced and exposed from one-half to four hours. The animals were observed for toxic 
signs and mortality. 

Test 2 (rats, nominal and analytical chamber concentrations).—The agent was introduced 
into the chamber in a manner similar to that used in Test 1.4 Before dispersing the agent, the 
animals were placed into the chamber. The exposure times were the same as in Test 1. Animals 
were observed for toxic signs and mortality rate. Those that died during exposure were 
submitted for pathologic examination 


2. SUBACUTE EXPOSURE 


A subacute toxicity test on rats and mice was carried out over a six-week period. Exposures 
were made six hours a day for tive days a week. If the chamber concentration was too high, 
the majority of the animals died before the conclusion of the six-week test period, in which 
case the run was repeated on another group of animals at a lower concentration. 

A group of 10 rats served as controls and were kept in the area near the chamber. All the 
exposed rats were weighed three times a week, while the control animals were weighed twice 
a week. 

During the time the test animals were in the exposure chamber, food and water were 
withdrawn from the controls. Animals dying while in the chamber or shortly thereafter were 
autopsied immediately. Those dying during the mght were counted for mortality and discarded. 
During the course of the six-week experiment, an animal was occasionally picked at random 
from each group and killed for pathological examination 

* Anhydrous hydrazine was supplied by the Naval Research Laboratories, Washington, D.C. 
Its purity was stated to be 94.7%. Subsequent analyses conducted by Analytical Branch, Chemi- 
cal Division, Chemical Corps Chemical and Radiological Laboratories, confirmed this value. 

+ The concentration of hydrazine in the chamber was calculated and also determined 
analytically. The nominal value was obtained as in Test 1. For analyses, samples of chamber 
air were passed at a rate of 0.002 cubic meter per minute through two bubblers connected in 
series, each containing 10.0 ml. of 0.5 N H.SOy The hydrazine combines quantitatively with 
sulfuric acid. Excess sulfuric acid was titrated with 0.2 N NaOH, using methyl red as the 
indicator. The chamber concentration mg./m.* was calculated from the following formula 


(Mg./m.3) = x Na) — (ML NaOH Xx Na) X 32.1 
Vol. of Sample (m.5) 


where N, is the normality of the acid and N, the normality of the base. The results obtained 
from the nominal and analytical chemical methods were compared. 


{The hydrazine was dispersed as follows in a chamber of 0.44 cubic meter capacity: 
Dried air was passed through a bubbler containing anhydrous hydrazine maintained at 25 C. 
The saturated air was premixed in the glass mixing bow! with the main air stream which 
was being drawn through the chamber at a rate of about 0.15 cubic meter per minute. The 
chamber concentration was determined analytically, as described in Test 2 of the acute studies. 
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The mortality results were expressed as L.t.o, the time at which 50% of the animals died 
when exposed daily to a constant concentration. With the use of logarithmic paper, days of 
exposure were plotted as abscissae and cumulative per cent mortality was plotted as ordinates. 
A Litchfield * statistical analysis was applied to obtain the best fitting line. 


3. CHronic Exposure 

Dogs and rats were exposed to hydrazine vapor § dispersed in a 1 cubic meter chamber. All 
exposures were carried out six hours per day, five days a week for periods as long as six months. 
Animals were observed for toxic signs through glass windows of the chamber. 

The animals were always fed after the six-hour exposure period. The rats received the 
usual commercial laboratory diet in pellet form, while the dogs received a mixture of cooked 
horse meat and warm, moistened commercial dog food. The food and water intake in dogs 
was noted each day. A veterinary officer checked the animals monthly for their general physical 
condition. Prior to each exposure the dogs were run on a treadmill for five minutes at a rate 
of 5 mph. The control dogs were similarly run at about the same time. All animals were weighed 
twice weekly. 

Blood and urine samples were obtained from each dog about once a week, immediately after 
a six-hour exposure. The blood was drawn under oil from the anterior cephalic vein, a portion 
of the blood being heparinized in a separate tube. The urine specimens were catheterized. The 
following determinations were made : 

(a) Whole blood 

Specific gravity, red and white blood cell counts, differential white blood cell count, 
platelet count, hemoglobin content,® sedimentation rate, and hematocrit 

(b) Serum 

Chloride,® bicarbonate,? sugar,* urea,” potassium and sodium,!? cholesterol,!! calcium 
and phosphorus 
(c) Plasma 
Protein 
(d) Urine 
pH (Fisher alkacid test paper), specific gravity (hydrometer), sugar (Benedict's 
reagent), albumin (Roberts’ reagent), and microscopic examination of sediment 

Test 1 (2 dogs, rats, 6 mg./m.*).—-Prior to the experiment, 10 rats were autopsied to 
determine the condition of the animals to be used for gassing. Two dogs and 20 rats were then 
exposed together in a gassing chamber. Ten of the rats were exposed repeatedly for the 
duration of the test, and 10 were killed on different days for pathological examination. From 
the latter group, one animal removed each day for autopsy was replaced by an animal which 
had never been exposed. This process of replacing exposed rats was continued until a series 
of rats with respective exposure of 1 to 36 days had been killed for pathological examination. 
In addition, 1 dog and 10 rats served as controls. 

Test 2 (4 dogs with 2 controls, 30 rats, 20 mice, and 10 guinea pigs, 18 mg./m.*)—The mice 
were exposed 24 times, and the survivors were autopsied. When the dogs lost appetite and 

§ Each day a sample of chamber air was removed for analysis of hydrazine vapor con- 
centration, Approximately 6 to 10 liters of chamber air in Test 1 and 4 liters of chamber air 
in Test 2 were drawn at a rate of 1 liter per minute through an absorption bubbler containing 
2 ml. of a phosphomolybdic acid solution and 5 ml. of water. (The phosphomolybdic acid 
solution was prepared as follows: Dissolve 40 gm. of NaOH in 400 ml. of water. Add 70 gm. 
of molybdic acid and 10 gm. of sodium tungstate. Boil for 30 minutes. Cool and dilute to 
700 ml. Add 250 ml. of phosphoric acid and dilute to 1 liter. Shake well.) 

The contents of the bubbler were transferred quantitatively to a Klett tube. The washings 
from the bubbler were added to make a total volume of 10 ml. The Klett tube and contents 
were heated in a boiling water bath for 10 minutes. The solution was then cooled, and the 
color intensity was read in a Klett-Summerson colorimeter with a No. 42 filter (blue). A 
reagent blank was similarly treated, and its reading was subtracted from the sample value. 
The standards were prepared in like manner by using varying quantities of hydrazine 
(0.02 to 0.08 mg.). 
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refused to eat, horse meat and steamed kibble biscuits and other more attractive food, such as 
canned cooked horse meat, raw horse meat, raw eggs, and milk, were fed ad libitum. Sometimes 
the dogs had to be fed by stomach tube or by forcing food down their throats. 


RESULTS 
1. Acute Exposure 


Test 1 (rats, 20,000 mg./m.*, nominal ).—-When an exposure was started, almost 
immediately the rats began scratching and licking themselves. In one or two min- 
utes their eyes were partially or completely closed, probably for protection against 
the vapor. During the first two hours there were periods of restlessness, alternating 
with periods of inactivity. After this, a red-colored material appeared around the 
nares ; this substance was identified as a porphyrin, secreted by the Harderian gland. 
At the same time, pronounced salivation occurred. Finally, the animals became 
highly active; some convulsed, and some died. Those surviving the exposure 
appeared to be lethargic for about a day. 


Tasie 1—<Aeute Inhalation Toxicity of Hydrazine Vapor in Rats 
Test 1 


Concentration, Nominal Exposure Mortality 
Mg./M.* Ppm Hr On Removal During 14 Days 
20,000 15,280 46 
20,000 15,280 36 
20,000 15,280 
20,000 15,280 
21,000 16,000 0/6 
20,000 15,280 
20,000 15,280 


4 
2/6 3.6 

4 


O68 
0/6 
21,000 16,000 5 0/6 
20,000 15,280 
20,000 15,280 


0.6 
0/6 


Table 1 shows the different exposure times and the respective mortality rates 
in rats exposed to hydrazine vapor at a nominal concentration of 20,000 mg. per 
cubic meter. Exposures which lasted from two to four hours resulted in 50% or 
more deaths. There were no immediate deaths during exposures of one-half to one 
hour, although a few occurred during the 14-day observation period. 


The rats submitted for autopsy showed in some cases pulmonary edema, with 
patchy, localized damage to the bronchial mucosa. 


Test 2 (rats, 16,000 to 27,000 mg. m.*, nominal, and 106 to 831 mg./m.*, analyti- 
cal). The toxic signs were essentially the same as those described under Test 1. 

The chamber concentrations, determined by nominal and by analytical methods, 
and the mortality rates are shown in Table 2. It was noted that there were only two 
immediate deaths, one from a four-hour exposure and one from a one-hour exposure. 
For a given exposure time the number of delayed deaths over the 14-day observa- 
tion period was somewhat irregular. This may have been due to the considerable 
fluctuation in concentrations, which varied as much as eightfold when determined 
by the analytical method. The fluctuation in the concentrations as determined by 
the nominal method was not over 30%. In general, the longer the time of exposure 
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the more delayed deaths in a group. In the four-hour exposure group there was a 
total of 14 out of 30 (47% ) deaths delayed from 1 to 13 days after exposure. Even 
in the group exposed for one-half hour there were a few delayed deaths (3 out of 24). 


Taste 2.—Acute Inhalation Toxicity of Hydrazine Vapor in Rats 
Test 2 


Mortality 
Chamber Concentration 
During Last Post 
Average Exposure 4-Day exposure Group 
Nominal Analytical, Value, Period, On Observation Day Death — Average, 
‘Me M a Mg./M* Ppm Hr Removal Period Occurred 

20) 000 Bor 270 4 
20,000 260 4 
18,000 4 
18,000 4 
17,000 22 iv 4 


271,000 
20,000 
19,000 
18,000 
16,000 


21,000 
19,000 
19,000 
17,000 
27,000 
27,000 
15,000 
17,000 


* Exposure time too short for a chemical analysis 


Taste 3.—Comparison of Chamber Hydrazine Concentrations Determined by Nominal and 
Analytical Methods 


Chamber Coneentration 


Nomina Analytical, Recovery, 
Mg./ M. Mg./M.* % 


20,000 4,800 2 Passing vapor through chamber 
nanos 4,000 2 without animals 

5,700 

6,400 

4,900 


. 5,160 


i, 
FY Conditions of Testing 


600 3: Passing vapor through chamber 
900 af containing six dead rats 

400 

600 

400 


760 
270 d Passing vapor through chamber 
330 6 containing six living rats 
430 2. 
ooo 
Av. 410 


Adsorption of Hydrazine on Surfaces of Animals and Inside Chamber Walls. 
Study of Tables 2 and 3 shows that the calculated concentrations of hydrazine in 
the chamber were 25 to 179 times the values obtained by analytical analysis. The 
decrease was, on the average, 96 to 99% when either six dead or six living rats were 
480 
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present in the chamber. Without animals, the decrease was about 74%. These 
results show the extent of the adsorption of Hydrazine vapor by the animals and the 
chamber walls. 


2. SuBACUTE EXPOSURE 


Test 1 (average daily exposure concentration, 295 mg./m.* or 225 ppm, with 
daily range of 160 to 611 mg./m.*).—-The test was terminated after five exposures 
because the concentration was too high. The survivors among the rats and mice 
were killed for pathological examination. During the test the animals exhibited rest- 
lessness and made scratching movements when first placed in the vapor. After 
approximately one hour they became quiet and sleepy for the duration of an 
exposure. After three successive exposures there were traces of porphyrin around 
the nostrils in the majority of the animals. The rats lost 10 to 20 gm. in body weight 
during the exposure period, while the controls gained approximately the same 
weight. 

A\ total of 16 out of 20 rats died after five exposures, and a total of & out of 10 
mice died by the fourth exposure (‘Table 4). 


Tasie 4.—Subacute Exposure of Rats and Mice to Hydrasine Vapor 
Test 1: 295 Mg. per Cubic Meter to Twenty Rats and Ten Mice 


Accumulated Concentration, 


Exposure Analytical Dead 
Exposure, Time, 


Hr. Mg./M.* Ppm Mice 
6 

12 143 

18 oll 

| 12? 


232 1i7 


Av. 6 "WD 225 


The lung pathology found in Tests 1, 2, and 3 was the same as reported under 


the acute inhalation toxicity test. At the higher concentration fatty metamorphosis 
of the liver was found in many of the animals. 


Test 2 (average daily exposure concentration, 70 mg./m.° or 54 ppm, with a 
daily range of 25 to 140 mg./m.*).—-The toxic signs were essentially the same as 
those described in Test 1. A loss of body weight in rats after two exposures was 
noted. During the four-day rest period, which occurred between the fifth and sixth 
exposures, there was a gain in body weight. After the sixth exposure the body 
weights decreased about 40 to 60 gm., until the animals died or were killed for patho- 
logical examination. The control rats gained weight during the corresponding test 
period. 

No deaths occurred during the first four exposures (Table 5). Then 1 to 3 rats 
died each exposure day until a total of 14 out of 16 rats were dead by the 13th 
exposure, when the test was discontinued. During the same period, 7 out of 10 mice 
died. 

Test 3 (average daily exposure concentration, 26 mg./m.* or 20 ppm).-—The 
general behavior and health of the rats did not appear to be markedly different from 
the normal. There was a general decline in body weight of most of the exposed ani- 
mals, the total weight loss ranging from 30 to 60 gm. During the week end (no 
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TasLe 5.—Subacute Exposure of Rats and Mice to Hydrazine Vapor 
Test 2: 70 Mg. per Cubic Meter to Si 


Accumulated Concentration, 

Exposure Analytical 

Exposure, Time, 
Hr. Mg./M.* 


6 25 


Ppm 


Accumulated Concentration, 
Exposure Analytical 
A 


Exposure, Time, 
No. Hr. Mg./M.* Ppm 
3 


* Thirteen rats were used for the toxicity test and six for pathology over the course of the experiment. 


= 
Rats Mice 
Av. 6 70 58 “i 
TaABLe 6.—Subacute Exposure of Rats and Mice to Hydrazine Vapor 
Test 3: 26 Mg. per Cubic Meter to Thirteen Rats* and Ten Mice 
No. Dead 
Rats Mice 
84 8 6 1 8 
130 27 20 2 
Av. 6 20 
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exposures) there usually was a slight weight gain. There were two rats which pro- 
gressively gained weight over the period of testing, the amounts ranging from 40 
to 70 gm. 

Among the rats there were 11 deaths, out of 13 rats exposed, by the 30th 
exposure, while among the mice there were 7 deaths, out of 10 mice exposed, by the 
14th exposure (Table 6). 

3. Curonic Exposure 

Test 1 (dogs and rats at a vapor concentration of 6 mg. m.* [19/20 confidence 
limits of + 1.9 mg./m.*] or 5 ppm).—The two dogs were slightly affected the first 
week of exposure but recovered during the week end. By the middle of the following 
week they lost appetite and refused food for a few days. During this period both 
dogs lost weight, one losing 0.9 kg. and the other 3.6 kg. One of the dogs (W-3) 
did not regain more than 0.9 kg. at any time thereafter. The other dog (X-3) 
regained 0.9 kg. by the 11th week but began to lose weight rapidly by the 26th week. 
Signs of lassitude were noted in both dogs during the middle of each week for the 
first five weeks of exposure. After this time they appeared normal until the 11th 
week, when they could not retain food. On removal from the chamber, slight mus- 
cular tremors were present. On the following mornings, when they were exercised 
for five minutes on a treadmill, they were easily fatigued and were reluctant to keep 
pace on the treadmill. Over the week end they regained strength. Dog W-3 devel- 
oped diarrhea for a few days. Then the dogs appeared to be normal from about the 
12th to the end of the 24th week, at which time anorexia developed again. Toxic 


signs, such as tremors, irregular respiration, vomiting, and fatigue, were present 


at the end of the 25th week. From the beginning of the 27th week to the end of the 
experiment both days appeared normal again. The control dog did not exhibit any 
abnormal signs during the experiment. 

All dogs were killed at the termination of the experiment for autopsy. Micro- 
scopically, the bronchial musculature had an appearance suggestive of hypertrophy. 
This could not be considered conclusive. In the lungs there were areas of emphy- 
sema, with adjacent areas of atelectasis. The lungs of the control dog appeared to 
be normal. 

The rats became sluggish at the beginning of the 23d week. This persisted for 
the duration of the gassing experiments. The weight responses were in the same 
range as found in the controls. Two rats died during the 28th week. One died over- 


night but was not submitted for pathologic examination; the other died during an 
exposure and was autopsied. At the termination of the experiment two rats were 


submitted for pathological examination. The lungs of these animals showed some 
emphysema, with adjacent areas of atelectasis. Otherwise the findings were unre- 
vealing. The remaining six rats were held for six months to determine whether 
recovery from the effects of the agent had occurred. Pathological examination 
revealed that the lungs of these animals and of the controls were normal. 

Test 2 (dogs, rats, mice, and guinea pigs, 18 mg./m.* or 14 ppm).—(a) Dogs: 
Dog 53. This dog showed early reactions from the inhalation of hydrazine vapors. 
By the second day anorexia and a generalized fatigue had developed. Vomiting 
occurred after the second day of exposure. No supplementary feeding was given. 
This dog became progressively weaker, without apparent recovery over the week 
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ends of no exposure, During the third week, after 13 exposures, the dog died in a 
debilitated condition. No pathological studies could be made because of postmortem 
changes. 

Dog 54. This dog vomited during the Ist, 8th, 11th, and 15th weeks of exposure. 
The diet of this animal was changed frequently in order to encourage eating. Near 
the end of the 15th week, after 74 exposures, the dog had a severe convulsion seizure 
and died. On autopsy this animal showed congestion of the lungs. In the kidney, 
healed infarcts were present, with fresh blood in the tubules and some swelling of 
the cells comprising the glomerular tuft. These changes suggest some factor which 
may have been present incidental to the experimental procedure. 

Dog 61. This dog survived the complete test of 194 exposures. Initially the 
animal exhibited the same toxic signs as Dog 53. However, vomiting did not occur. 
The physical condition of this dog never became as poor as that of Dog 53. .\ change 
of food to raw horse meat at the beginning of the third week resulted in renewed 
strength with a return of appetite. During the seventh week the dog ate from one- 
half to three-fourths of its usual diet, which included some powdered milk solution. 
Vomiting did occur a few times after eating ; however, the animal’s physical condition 
was better than after the first three weeks of gassing. By the ninth week the dog 
was entirely on a milk diet, and it refused to eat any other food. Its eyes often were 
wet from tearing during the 20th, 23d, and 27th weeks, and it appeared nervous but 
showed no generalized weakness. After the 27th week it returned to a state of gen- 
eral lassitude, fatigue, and irregular periods of anorexia. This animal was imme- 
diately killed at the conclusion of the test for an autopsy. Pigment-laden Kupffer 
cells, often with prominent vacuoles, presumably lipid in nature, were found in the 
central lobular zone and in the spaces of Mall. The pigment appeared to be hemo- 
siderin and was also seen in the spleen. 

Dog 40. This dog received its food by forced feeding and showed toxic signs 
similar to those seen in the previous two dogs. Vomiting occurred the third day but 
did not reoccur until the 24th week. Generalized weakness, nervousness, and tremors 
appeared toward the end of each week of exposure. \pparent recovery was noted 
by the 18th week, which lasted for about 7 weeks. Toward the end of the experiment 
the dog usually appeared fatigued and ate intermittently. On autopsy, the pathologi- 
cal findings were similar to those in Dog 61. 

Control dog. This dog was normal throughout the test. Incidental and focal 
inflammatory lesions of little significance were present in both experimental and 
control animals. 

Blood and urine studies on dogs. ‘There were many irregular fluctuations among 
the constituents examined in the blood and the urine. There is some evidence that 
anemia was present in two dogs. One of these dogs became increasingly anemic 
during the course of the experiment. Prior to death the hemoglobin dropped from 
the pregassing level of 16.1 to 9.9 gm. per 100 cc. One dog (Dog 61) was slightly 
anemic before the test, and the red blood cell count and hemoglobin content were 
increased after several months of the test. Near the end of the test there was a 
gradual decline in the red blood cell count. No significant changes in the other 
constituents were observed, which could be attributed solely to the toxic effects of 
hydrazine vapor. 

(b) Rats, Mice, and Guinea Pigs: No well-defined toxic signs, other than 
death and a sluggishness in rats, were noted among these animals (consult Table 7 
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for mortality data). .\ total of 30 rats was exposed, out of which number 23 died 
during the experiment. A total of 15 out of 20 mice died during the first 24 
exposures. The remaining five were ‘then autopsied. The deaths were fairly well 


distributed over the period of experimentation. No abnormality attributable to 
the agent was noted in the five animals submitted for pathology. There were 8& 


Taste 7.—Chronic Exposure of Dogs, Rats, Mice, and Guinea Pigs to Hydrasine lapor 
Test 2: Cumulative Mortality Rates Among Various Animal Species Exposed Repeatedly to 
Hydrazine Vapor at an Average Daily Concentration of 18 Mg. per Cubic Meter 

with 19/20 Confidence Limits of + 6.6 Mg. per Cubic Meter 


Cumulative Mortality Rate 


Cumulative 
Exposure Rats Mice Guinea Pigs 


‘Time, 
Hr 


* Blank spaces indicate that no additional deaths oecurred among an animal species 

+ Dow killed 

$ Two surviving rats were killed for pathology, and the remaining were kept for observation and exam 
ination for recovery 

§ Five mice killed 
deaths among the 10 exposed guinea pigs. Either one or two animals died on the 
6th, &th, 18th, 22d, 27th, and 70th days. No deaths occurred in the control group. 

Computation of L.t.so in rats (statistical analyses). The median lethal time 
(L.t.se) for rats, expressed in exposure days, was computed for four concentrations, 
C, of hydrazine vapor by the method of Litchfield.t| The observed cumulative per 
cent mortalities for the four concentration levels shown in Tables 4 to 7 were 
plotted against the number of exposure days (Fig. 1) for obtaining L..t.so values. 
To show the relationship between the various L.t.;55 values and the concentration, 


485 


4 \ 
. 
Expo- 
No." No. % No No No % 
61... 406 Too 
74... 
106... 630 30 76.7 


MEDICINE 


EXPECTED 
LTs0 


+ 

+ 


OCCUPATIONAL 


CONC (C) 
mg/m* 
300 


CHAMBER EXPOSURE DAYS EXPOSURE DAYS 


AND 


200 


CHAMBER CONCENTRATION (C) mg/m? 


~ 
fey 
~ 
~ 
~ 
~ 
~ 
~ 


LTso OF RATS EXPOSED TO HYDRAZINE VAPOR 


INDUSTRIAL 


; 


SAVO 


MORTALITY IN RAT WITH RESPECT TO 
NO. EXPOSURE DAYS 
FG 2 
30- 
25- 
45 4.6 
86 96 
235 208 
270 286 
+ 
§ 100 | | 
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C, another graph (Fig. 2) was prepared. From this latter graph the expected 
L..t.59 at any desired concentration may be estimated. An equation was set up from 
which an [..t.59 may be calculated for any concentration, C. This equation is as 
follows 


L.t.x 3.0 4 
Median lethal time in exposure days 
( = Analytical concentration of hydrazine mg./m.* 


The following tabulation shows that close agreement between observed and 
calculated L.t.s9 values was obtained at concentration levels in the range of 18 to 
295 mg. per cubic meter. The concentration of 6 mg. per cubic meter and. its 
estimated L.t.59 have been added to the tabulation for the purpose of comparison. 
The discrepancy between the observed L.t.59 and the calculated L.t.se (by equation 
above) for 6 mg. per cubic meter is very large. The reason for this discrepancy 
is unknown ; however, rates of detoxification or development of tolerance may be 
factors involved. 


Average Exposure 
Concentration, Observed Caleulated 
Me. L.t.so, Days L.t.se, Days 
296... 4.5 (4.2-4.8) * 4.6 
$8.6 (7.2-10.0) * 


18.. 


23.5 19.8-26.6) 20.8 


27.0 (17.0-43.0) * 


Gives 


1920 probability limits 
+ Estimated from response of 2 rats out of 10 exposed 


COMMENT 

When this project was initiated, it was originally planned to use only nominal 
chamber concentrations of hydrazine vapor, since this method is rapid and requires 
operating personnel less skilled than that needed for an analytical analysis. After 
the studies on acute exposures were completed and some of the subacute studies 
were In progress, it was realized that the walls of the chamber and the bodies of 
the animals rapidly remove hydrazine vapor from the air. The actual chamber 
concentration, therefore, was much lower than the nominal concentration. Com- 
parison of nominal with analytical values, with and without animals in the chamber, 
showed a tremendous difference. In a small chamber, as much as 99% of the 
agent was removed by adsorption on the walls and the animal body surfaces. ‘The 
amount lost was somewhat less when no animals were present. ‘Thienes and 
associates * mention that hydrazine vapor is readily adsorbed by various surfaces. 

Another factor to be considered in the disappearance of hydrazine vapor is the 
high reactivity of the vapor with certain metals. This action was inhibited by painting 
all metal surfaces with an acid-and-alkali-resistant paint (Cotoid || ), 

Owing to the considerable absorption of hydrazine vapor, great difficulty was 
encountered in maintaining a daily uniform chamber concentration, especially at the 


higher concentrations, as in the subacute studies. The concentration range reported 


is rather wide; however, there were only a few days scattered throughout the test 
in which a single concentration deviated greatly from the average. At the lower 
level (6 mg. per cubic meter), as in the chronic exposure tests, the 19/20 confidence 
limits were + 1.9 mg. per cubic meter, while at the higher concentration (18 mg. per 


|| Manufactured by Lithcote Corp., 333 W. 40th PL, Chicago. 
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cubic meter) they were + 6.6 mg. per cubic meter. Probably the increased air flow 
rate used at the lower level had a bearing on the uniformity of the vapor cencen- 
tration. 

The question of recovery from the pathological effects of repeated exposure to 
hydrazine vapor can be partially answered by this study. As described in this report, 
animals in subacute toxicity studies which were posted 14 days after the last day of 
exposure showed varying degrees of pathology. It was possible to autopsy a few 
surviving rats from Tests 2 and 3 about six months after the last day of exposure. 
No pathology was found in any of these, which indicates that a complete recovery 
had occurred. 

Underhill and Kleiner '* administered hydrazine intramuscularly to dogs and 
observed that they always refused food for a time. A similar observation of anorexia 
was made in the present study wherein hydrazine vapor was inhaled. This effect 
occurred as early as the first week when the concentration was as 6 mg. per cubic 
meter, Associated with the anorexia were significant weight losses, except among 
the rats exposed at a level of 6 mg. per cubic meter, At higher concentration levels 
the effects were even severer. 

The question of whether blood destruction occurs by inhalation of hydrazine 
vapor has not been established. In studies on the effects of hydrazine administered 
by stomach tube, Thienes and associates '* found destruction of red blood cells. In 
chronic studies of rats which received daily doses equivalent to one-twentieth of the 
1..D.59, the red blood cell count decreased by as much as 50%. In another study, 
Wells administered hydrazine sulfate gm. per kilogram) subcutaneously and 
observed no destruction of red blood cells, although the animals vomited and showed 
other symptoms. It was shown by Bodansky,'® Friedstein,'? Morris,'* and Jatfe 
that hydrazine and phenylhydrazine administered intravenously are powerful hemo- 


lytic agents. These compounds have been used by many research workers to produce 
experimental anemia, causing extramedullary hemapoiesis. The paper of Bratley and 


associates °" is a good study on red blood cell destruction, both in vitro and in vivo, 


following administration of phenylhydrazine. 

In contrast to the hemolytic effects of hydrazine administered intravenously, 
there is little or no evidence that inhalation of the vapor produces the same effects in 
dogs. The dogs in the present study did show irregular changes in the blood picture 
and a slight degree of anemia in at least two animals. \ll dogs did have severe toxic 
signs, and those dying did not necessarily show marked anemia. Death was due to 
causes other than blood dyserasia. The slight anemia observed was undoubtedly due 
to the vomiting and anorexia frequently present associated with body weight loss. 
There was no evidence of hypoglycemia. In fact, no other significant changes in 
blood and urinary constituents can be directly attributed to the toxic effects of 
inhaled hydrazine vapor. 

These tests clearly show that inhaled hydrazine vapor is toxic to laboratory ani- 
mals. It causes lung damage, inflammation of the liver, focal interstitial nephritis, 
anorexia, loss in body weight, tremors, weakness, and, after prolonged exposures, 
convulsions followed by death. Repeated exposures to low concentrations may be 
toxic to man if the number and duration of exposures are sufficiently great. Daily 
exposures to concentrations of 6 mg. per cubic meter over a six-month period were 
found to produce very little pathology in dogs. [Elevating the concentration to 1& 
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mg. per cubic meter produced marked effects and eventually some deaths. rom 
this test it appears that the maximum allowable concentration (IAC) for hydrazine 


vapor is below 6 mg. per cubic meter (5 ppm). 


SUMMARY 


Inhaled hydrazine vapor is toxic to laboratory animals. It causes lung damage, 


inflammation of the liver, focal interstitial nephritis, anorexia, loss in body weight, 
tremors, weakness, and, after prolonged exposures, convulsions followed by death. 
Daily exposure to concentrations of 6 mg. per cubic meter over a six-month period 
was found to produce very little pathology in dogs. Elevating the concentration to 
IS mg. per cubic meter produced marked effects and eventually some deaths. Ano- 
rexia and weight loss may be the earliest symptoms to occur in man and may con 
stitute a warning sign of impending health hazard. On the basis of these experi 
ments it appears that the maximum allowable concentration (MAC) for hydrazine 
is below 6 mg. per cubic meter (5 ppm). 

The Pathology Branch assisted with the pathology and biochemical studies made in these 
tests. The statistical analyses of the mortality data were done by Mr. 1. De Armon 
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TREATMENT OF LEAD COLIC WITH CORTISONE AND CORTICOTROPIN 


ENRICO C. VIGLIANI 
MILAN 


| meg COLIC is an acute dramatic episode arising in workers heavily exposed 
to Pb. Because of the pain caused, lead colic calls for immediate medical 
assistance. 

Up to 1926 lead colic was treated by means of purges, enemata, antispasmodics, 
and analgesics. In 1925 Aub and co-workers! described the favorable effects 
obtained with oral and intravenous administration of calcium. They ascribed these 
effects to the capacity of calcium to promote the storage of Pb in the bones by 
decreasing the Pb concentration in the blood. Since then, calcium and an alkaline 
diet have become a classic therapy, widely used for lead colic. 

A discussion has arisen, however, as to whether the action of calcium consists 
chiefly in the modification of lead metabolism, Shelling '* and Gray and Greenfield ° 
have observed aggravations after intense calcium therapy; Lederer and Bing '' state 
that calcium is more apt to favor the mobilization than the deposition of lead in the 
bones, and more recently Lauer *’ did not see any modification of lead metabolism 
during the administration of acidifying or alkalizing diets. Moreover, the rapid- 
ity with which calcium relieves pain led to the assumption (Johnstone * and 
Cantarow and Trumper‘) that its dramatic, but transient, response is probably 
due to a nonspecific antispasmodic action of calcium rather than to fixation of the 
lead. For 15 years | treated lead colic with intravenously administered calcium 
gluconate and saw rapid but transient relief of pain without significant effect on 
the duration of the colic or on the metabolism of lead (big. 1). 

Other substances, such as sodium citrate (Kety and Letonoff*) and sodium 
acid phosphate (Proctor and Kahn"), are used to neutralize lead; their action, 
however, is too slow to be utilized in colic. 

A most active pharmacological substance having great effect on lead metabolism 
is dimereaprol (2, 3-dimercaptopropanol, BAIL.) ; however, its therapeutic efficacy 
in lead poisoning has fallen short of expectation. Between 1949 and 1951 I treated 
27 patients with lead poisoning (14 having colic) with dimercaprol. Six of these 
were treated during colic and eight after subsidence of pain. The quantity of dimer- 
caprol administered varied from 1 to 7 mg. per kilogram of body weight daily. 


Dimercaprol has shown itself to be a rather dangerous medicament in lead poison- 


ing. Its administration during lead colic may re-evoke and aggravate the abdominal 
symptoms, even after they have disappeared for several days. In one case of colic, 
two injections of dimereaprol brought about an attack of acute encephalopathy, with 
a 16-hour period of anuria. 


From the Institute for Industrial Medicine (Clinica del Lavoro), University of Milan, 
Director: Prof. E. C. Vigliani. 
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The principal pharmacological effects of dimercaprol consist in a translocation 
of lead within the organism from the blood and certain tissues to other tissues, 
among which the nerve tissues are of particular significance. The value of the delead- 
ing effect of dimercaprol is relatively small when the unfavorable effects due to dis- 
turbance in the internal distribution of lead are considered (Vigliani and Zurlo '*). 

| therefore abandoned the therapeutic use of dimercaprol in lead colic and, as 
edathamil caleium-disodium (Calcium Disodium Versenate) was not yet available 
in Italy, turned to adrenal cortex steroids and corticotropin (ACTH). Adrenal 
steroids were used because of their favorable effects in manifold diseases. Particu- 
larly the success obtained in some cases of acute gout encouraged the hope that 
similar effects could be obtained in acute cases of lead colic. 


CON. CARLO LEAD COLIC 


90 


~ 
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Fig. 1—C. C., aged 44 years, lead founder for three months. Red blood cells, 3,200,000; 
hemoglobin, 70% ; stipple cells, 0.2%. 


The first case was treated in November, 1951; in June, 1952, | was able to report 
the first results of the treatment of six cases of lead colic with adrenal steroids 
( Vighani'*). These cases were treated with 150 to 300 mg. of cortisone (Cortone ) 
per day for two to five days to a total of 500 to 600 mg. Good results were obtained, 
acute colic ceasing in one to two days. This therapy was therefore applied in other 
cases, and still others were treated with corticotropin. 

Since 1952, of six other cases of lead colic, two were treated with cortisone and 
four with corticotropin. The two cases treated with cortisone received the drug 
orally, 300 mg. the first day and 200 or 150 mg. the following days until there was 
cessation of pain (Fig. 2). The oral route was chosen in the hope that more rapid 
action would be obtained than in the case of injection (WNellgren and Janus,* Boland 
and Headley *). The results were, however, similar to those obtained with injections. 


* References 7 and 8. 


492 


x 
ne 
| 


TREATMENT OF LEAD COLIC 


In one case, administration of 150 mg. on the second day was insufficient to control 
pain; the dose was therefore increased to 250 mg. on the third day. 

The other four cases were treated with corticotropin. The first was given a 
hypodermic injection of 50 mg.; colic disappeared in 24 hours without further need 
of corticotropin. The drug was administered to the others as intravenous infusions 
of 10 to 15 mg. of corticotropin in 500 ml. of dextrose water at a rate of 60 drops 
per minute ( Figs. 3 and 4). 

Recently, wide use has been made of continuous intravenous infusion of 10 to 30 
units of corticotropin in dextrose water, given daily over a period of six hours. It 
has been shown that with amounts greater than this no further response can be 
elicited ( Renold and associates '*). This is the most effective and economical means 
of administering corticotropin and is the method of choice for all seriously ill patients 
in need of corticotropin where a prompt response is desirable. This is the case in 
lead colic, which is a self-limited episode of a few days’ duration, the violence of 
which, however, requires prompt and energetic intervention. Moreover, the much 


FESR. 1953 


URINE Pb liter 350 


Fig. 2—A. U., aged 35 years, plate trimmer in a storage-battery plant. First lead colic in 
1950. Present colic in February, 1953. Lead line; hemoglobin, 60% ; red blood cells, 3,800,000 ; 
stipple cells, 3% ; coproporphyrin, 0.6 to 1.0 mg. per 100 ce. per day; blood pressure, 150/100. 


smaller quantities of corticotropin required for the intravenous treatment, when 
compared with the hypodermic treatment, constitute a factor of importance when- 
ever cost of treatment is a consideration, 

When patients are suffering from very violent pain, they cannot be given an 
intravenous infusion over a period of three hours. | have therefore adopted the 


practice, once diagnosis of lead colic has been made, of beginning with an injection 


of morphine and atropine ; after a few minutes the intravenous infusion can be started 
and continued without difficulty. Sometimes the second and even the third infusion 
must be preceded by an analgesic-spasmolytic injection. 

The infusion of 1 liter of dextrose water per day not only represents a vehicle 
for the introduction of corticotropin but also is a means of maintaining the fluid 
balance. There are, in fact, some reasons for believing that patients suffering from 
lead colic are more or less in a state of dehydration. The ingestion of food during 
colic is almost impossible, and the ingestion of fluid is difficult. Frequent yvomit- 
ing causes additional loss of fluid, and the moderate febrile state which often 
accompanies colic is a further contribution to fluid loss from the organism. It 
is therefore possible that, notwithstanding constipation and oliguria, the organism 
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SAR. VALENTINO COLIC 
25 27 29 |30 


516 |824 


ig. 3.—S. V., aged 38 years, spray painter for one year with glaze containing litharge. 
First lead colic in September, 1952. Red blood cells, 4,000,000; hemoglobin, 76% ; stipple cells, 


1.6%. 
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Fig. 4.—B. 1, aged 30 years, paster in lead storage-battery plant for seven years. In 
November, 1950, anemia and abdominal discomfort. Red blood cells, 3,000,000; hemoglobin, 


72% ; stipple cells, 0.1%. 
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can become somewhat dehydrated. Clinically, dehydration is shown by dryness éf 
the throat and mouth and by thirst. However, patients fear to drink, because this 
can provoke an exacerbation of the pain or the appearance of nausea and vomiting. 
An argument in favor of a relative state of blood concentration in the acute stages 
of lead poisoning may be the fact that, despite intense hemolysis during colic, the 
blood sometimes shows but a moderate degree of anemia, which becomes more evi- 
dent once the acute stage is ended and during convalescence, when the fluid mtake 
has returned to normal. It is possible that the behavior of the red cell counts in some 
cases of colic can be at least partly explained by the presence of a state of dehydra- 
tion of the blood during the acute stage, which masks the true intensity of the anemia. 
This view is supported by experiments which | carried out 20 years ago.'’ Guinea 
pigs were poisoned with lead acetate, and during the course of the intoxication the 
blood volume was estimated several times by the method of Keith, Rowntree, and 
Geraghty. These determinations revealed a 30° reduction of the blood volume in 
the case of subacute poisoning of two weeks’ duration, i. e., from 7.6 to 5.5% of the 
body weight. Blood plasma was reduced from 4.2 to 3.5% of the body weight and 
red cells, from 3.4 to 2.0%. In experiments of chronic poisoning of four months’ 
duration, the blood volume was reduced by 32%, whereas the body weight was 
reduced by only 5%. These facts, in the absence of hemorrhages, could only be 
interpreted as having heen caused by hemoconcentration. Hence, it was concluded 
that the total loss of red cells due to lead in those animals was about twice as great 
as the loss revealed by the usual red cell count. 

or the above reasons | have undertaken a therapy of rehydration in cases of 
acute lead colic, together with the hormonal therapy, and have found the result bene- 
ficial. The only drawback is perhaps represented by a slight increase of the arterial 
pressure after each perfusion. The pressure in lead colic, however, is not usually 
so high as to render a small increase dangerous. The increase is well tolerated by 
patients and is very transient. 


RESULTS OF TREATMENT WITH ADRENAL STEROIDS AND CORTICOTROPIN 


The results of the treatment of lead colic with adrenal steroids and corticotropin 
were quite beneficial. Pain disappeared aiter 24 to 48 hours from the beginning of 
treatment. In some cases with intravenous corticotropin, pain disappeared very 
rapidly after the treatment was started. In no case was colic prolonged beyond the 
third day from the beginning of treatment. Complete recovery was attained with 
remarkable rapidity. 


Since colic is a self-limited episode with spontaneous recovery without any treat- 
ment, it might be held that the duration of pain in the cases treated with cortical 
steroids or with corticotropin was not outside the normal range of duration of lead 
colic. It is not easy to find precise data on the duration of lead colic in the literature. 
Moreover, there is considerable variation in the criteria adopted for the time of 
onset and of termination of colic. Tanquerel des Planches ! 


" saw a duration of more 
than seven days in 26 out of 28 cases of colic; Brouardel * gave an average of eight 
days. According to Aub and his co-workers,’ all patients treated by them with 
calcium were freed from pain in 48 hours, with the exception of two, who had 
abdominal cramp for eight days. The duration of all cases of lead colic treated at the 
Clinica del Lavoro during the period 1947-1953 has been determined. The onset 


was fixed as the time at which pain became so violent that the patient was forced 
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to take to his bed; the termination was fixed as the time at which the pain had so 
far diminished as to allow the patient to sleep and at which new attacks no longer 
appeared, This latter time frequently coincided with the reopening of the bowels. 

Of 38 cases, 19 were treated with calcium, antispasmodics, and analgesics, 4 with 
dimereaprol, and 15 with cortisone or corticotropin. The Table shows the duration 


Average Duration (Days) of Lead Colic Treated with Calcium, Dimercaprol, Adrenal 
Steroids, or Corticotropin 


Mean * Standard Error * 


15 Cases 
Treated with 
19 Cases i Cases Adrenal 
‘Treated with ‘Treated with Steroids or 
Caleium Dimereaprol Cortieotropin 
Duration of violent pain before beginning of treatment 2.79 > 0.46 1. > 0.28 2.60 > 0.37 


Duration of pain after beginning of treatment........ 337 + O51 6.87 > 1.08 1.80 + 0.21 
1:50) (< 15100) 


Total duration of colle. ae 6.16 + 061 8.37 + 0.97 $40 042 


(< 1:10) (<< 12100) 


* We may compute the signifleance of the differences between the means of corticotropin treatment and 
the means of the other treatments in the usual manner. This has been done and is ineluded in the Table 


beneath the means recorded. They are probability values and show that the use of corticotropin can hardly 
be attributed to chance. 
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Fig. 5.—B. C., aged 34 years, lead burner in a storage-battery plant for six years. Lead line; 
hemoglobin, 60% ; red blood cells, 3,100,000; stipple cells, 0.5% ; coproporphyrin, 0.5 to 1.7 mg 
per 100 ce. per day; blood pressure, 160/100. 


of the attacks of colic and gives a better idea of the efficiency of the treatment. The 


total duration has been divided into two parts, one before specific treatment was 
started and the other from the beginning of treatment up to the cessation of the 
attack. 

In one case (not included in the Table) | began with calcium gluconate, 1 to 2 
gm. administered intravenously. After five days of treatment, pains were still so acute 
that I tried corticotropin, 20 mg. administered twice a day as intravenous infusions. 
The pains disappeared almost completely in two days, and I therefore terminated the 
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treatment. However, pains reappeared and it was necessary to give two further 
injections of corticotropin before they disappeared completely. In this case, the lead 
content of the blood was determined before and two hours after the injection of cal- 


cium and before and after the infusion of corticotropin. As may be seen in Figure 5 


neither calcium nor corticotropin had any effect on the lead content of the blood. 

The Table shows that the violent pain had ceased more rapidly in the cases 
treated with adrenal steroids or corticotropin than in those treated with calcium or 
with dimercaprol. The unsatisfactory result with dimercaprol is clearly shown in 
the Table. We may note here that in the cases treated with adrenal steroids and 
corticotropin the pain had often diminished or disappeared long before the reopening 
of the bowels and the fall of the blood pressure; this is evidence of the effect of 
adrenal steroids and corticotropin on pain. 


MARCH 1954 18 19 20 


ACTH Cortisone 
20 mg. 200 mg. 
BOWEL © 


Tension Mx 


(mm Hg ) 


Eosinoph. p. men? 


Fig. 6.—C. G., aged 26 years, engaged in breaking up storage batteries with a hammer. Lead 
line ; anemia with stipple cells; porphyrins in the urine, 1.7 mg. per day; blood pressure, 130/90. 


A case recently observed, and therefore not included in the Table, is of interest 
(Fig. 6). 


C. G., aged 26 years, was employed in June, 1953, to break up storage batteries using a 
hammer. This work was very dusty. On Feb. 24, 1954, he had an onset of lead colic and was 
admitted to a local hospital where he was treated with calcium. The colic lasted eight days; 
on March 7 he was able to leave the hospital and return to his home. On the 17th, without 
returning to work, he was seized with a recurrence of the colic, for which he was admitted to the 
Clinica del Lavoro on March 20. He had sharp pains; constipation ; lead line on the gums; anemia 
with stipple cells; porphyrins in the urine, 1.7 mg. per day; lead in the blood, 0.13 mg. per 100 ce 
and in the urine, 4.4 mg. per liter. Blood pressure was 130/90. The patient was treated for four 
days with 35 mg. of corticotropin per day, given intravenously in two drop infusions per day. 
The fourth day, after the intravenous infusion of 15 mg. of corticotropin, the eosinophiles were 
counted and were found to be 350 per cubic millimeter. Evidently corticotropin was not success- 
ful in diminishing the number of eosinophiles in the blood. There was an insufficiency of supra 
renal function which no longer responded to the administration of corticotropin. In fact, the deter 
mination of the total 1l-oxycorticosteroids (method of Heard, Sobel, and Venning) and of the 
17-ketosteroids (method of Pisler and Bonessa) in the urine carried out at the end of the treat- 
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ment with corticotropin gave rather low values (1 mg. of 11-oxycorticosteroids and 1.4 mg. of 
17-ketosteroids per day). I then turned to cortisone, and 200 mg. was injected the same day 
and an equal dose the next day. A few hours after the first administration of cortisone the pains 
ceased altogether. Twelve hours after the treatment with cortisone the number of eosinophiles 
had fallen to 50 per cubic millimeter. The Thorn test with 5 mg. of corticotropin, carried out 
10 days after the ending of colic, still gave a low result (eosinophiles had diminished from 250 
to 150 per cubic millimeter). This case indicates that corticotropin is efficient in lead colic when 
it produces a ready suprarenal response. The count of the eosinophiles before and after the 
first infusion therefore seems to be useful. The treatment with corticotropin should be continued 
only if a marked drop in the eosinophile count is seen after the Thorn test. 


The effect of cortisone and corticotropin is, however, not limited to analgesia. 


Patients treated with these drugs have recovered more easily and more rapidly than 


the others ; during convalescence they have not complained of residual slight abdomi- 
nal pain; as soon as the pain had ceased, the patients experienced a heightened sense 
of well-being in the great majority of cases. The desire for food returned more 
rapidly and with unusual intensity; the sensation of returning strength produced 
an eagerness to get back to work in spite of the persistence, in some cases, of anemia. 
Thus, the apparent effects of the adrenal steroids and corticotropin are a more rapid 
and complete cessation of pain and a readier return of appetite and of the sensation 
of health and well-being. 

On the whole, the intravenous infusion of corticotropin appeared to give better 
results. As soon as the patient is admitted to hospital, an injection of morphine and 
atropine, or other spasmolytic-analgesic injection, is given to diminish the pain and 
spasm for the period required to perform the test and the infusion ; then the infusion 
is started. [osinophiles are counted before and after the infusion. If a considerable 
drop in the number of eosinophiles occurs, corticotropin is the drug of choice. Two 
intravenous infusions of 15 to 20 mg. of corticotropin in 500 ml. of 2.5% dextrose 
water a day are given and are continued until pain has subsided for two days. In some 
cases, earlier interruption of corticotropin treatment has resulted in a reappearance 
of the colic after one to two days. If the Thorn test does not give a marked drop in 
the number of eosinophiles, cortisone is the drug of choice. 


MECHANISM OF ACTION OF ADRENAL STEROIDS AND CORTICOTROPIN 


The favorable action of adrenal steroids and corticotropin on lead colic may be 
brought about by one of the following mechanisms: (1) influence on lead metab- 
olism; (2) correction of a deficiency of cortical steroids, and (3) reduction of tissue 
reactivity to lead. 

1. Lead metabolism has been studied in some of our cases of lead colic treated 
with calcium, dimercaprol, or hormones. The treatment with calcium causes 
decrease in or suppression of pain for 30 to 60 minutes following the injection; dur- 
ing this period the quantity of lead in the blood does not show marked variation ; I, 
therefore, agree with the view that the action of calcium is nonspecific, antispasmodic, 
and rapidly transient. Dimercaprol has caused intense modification of lead metab- 
olism, i. e., a decrease of lead in the blood and an increase in the urine, but this effect 
on lead is accompanied by an aggravation of the symptoms and an increase in the 
average duration of the colic. Adrenal steroids and corticotropin have caused no 
marked modification of the blood level and urinary output of lead; probably these 
hormones act on the tissues and not on the metabolic disposal of the metallic poison. 


408 


TREATMENT OF LEAD COLIC 


2. Determination by Grisler? in this Clinic of the 11-oxycorticosteroids in the 
urine and blood of patients with lead poisoning or lead colic showed in most cases 
a normal or increased excretion of adrenocortical steroids as compared with healthy 
subjects. Grisler also showed that the administration of corticotropin in cases of 
lead intoxication leads to a greater increase in 11-oxycorticosteroid excretion that it 
does in normal subjects. This means that in the vast majority of cases the adrenal 
responds actively to the stimulation of the pituitary. My belief is that in recent lead 
poisoning and in colic there is no cortical hypofunction but rather a hyperfunction, 
probably to be regarded as a defense of the body against lead as a stressor. The 
administration of cortisone or corticotropin thus does not fill a deficiency but rather 
increases a defense already in action. 

3. It is well known that normal tissue reactions against injurious agents are 
inhibited by adrenocorticoids without at the same time eliminating, destroying, or 
neutralizing the irritant factor or noxious agent, whether this be a microbe, a toxin, 
or a chemical poison (Suzman '*). In the case of lead poisoning, lead colic may be 
considered as an acute crisis caused by the hyperactivity of the smooth muscle tissue 
of the bowel and blood vessels. It has appeared that the specific steroid neutralized 
or diminished the reactivity of the tissue cells to lead without affecting the lead 
metabolism. 

The treatment of lead colic with adrenocortical steroids is based on their effect 
on the defense mechanism of the body against lead considered as a stressor. Hitherto, 
efforts in the treatment of lead poisoning were directed at the attempt to store, elim- 
inate, or neutralize the lead entering the body. This aim has not yet been accom- 
plished, though new antidotes are always being tried out. With cortisone and corti- 
cotropin we employ an entirely differe it therapeutic stratagem; the emphasis is on 
the defense mechanism of the host. It is probable that better results will be obtained 
from the simultaneous use of two therapeutic means: antidotes to neutralize and 
eliminate the lead and hormones to aid the body in the defense against the poison. 


SUMMARY 

From 1947 to 1953, a total of 38 cases of lead colic were treated in the Clinica 
del Lavoro of Milan. The first 19 were treated with calcium; 4 others were treated 
with dimereaprol (BAL) ;and the last 15 were treated with cortisone or corticotro- 
pin (ACTH). The clinical follow-up of the cases and the study of the lead metabolism 


indicate that the action of calcium is nonspecific, antispasmodic, and very rapidly 
transient. Dimereaprol, though deeply affecting the lead metabolism, is a very dan- 


gerous drug in lead colic, having in some instances aggravated and prolonged the 
duration of pain. Cortisone or corticotropin shows a remarkably beneficial effect ; 
pain disappears in one to two days, in some cases in a few hours. If the Thorn test 
is positive, best results are achieved by continuous intravenous infusions of 15 to 20 
mg. of corticotropin in 500 ml. of dextrose water, given twice daily at a rate of 60 
drops per minute. The infusion of 1 liter of dextrose water per day serves also to 
maintain the fluid balance during the colic. Cortisone and corticotropin have no 
influence on lead metabolism; their action is probably on the host and not on the 
poison. As in lead colic the urinary output of 11-oxycorticosteroids is normal or 
high, it is believed that cortisone or corticotropin therapy does not fill a hormonal 


+ Grisler, R.: Personal communication to the author. 
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deficiency but increases a defense already in action. It is possible that the best results 
in the treatment of lezd colic will be obtained from the simultaneous use of drugs 
neutralizing and eliminating the lead and of hormones aiding the body in its defense 
against the poison. 
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HE MATERIAL presented in this report contributes to two areas in which 


there is considerable interest and at the same time a paucity of information: 
(1) food usage and food habits of industrial and other workers and (2) food habits 
of older persons, Only two dietary studies of industrial workers have been reported 


in the postwar years. Trulson ' reported one-day dietary records on 268 men and 
921 women who were earning $40 to $50 per week and who were employed in the 
textile and garment industries in two upstate New York cities. Only 7% of the 
men and 4% of the women were over 55 years of age. Recently Tucker and 
associates > reported dietary history information from 606 male employees of four 
companies engaged in the manufacture of chemical and pharmaceutical products in 
central New Jersey. No data were given on the ages of these workers, though the 
sample is reported to include a wide range of income and educational levels. Most 
other studies of industrial feeding made in recent years have been limited to food 
consumption at one meal-——usually a meal consumed at the plant (Diehl, Stewart.‘ 
Carol,’ news item from Industrial Medicine,” Pett’ and Turlay *). Wiehl" reported 
dietary inquiries on 1,103 aireraft workers in California, Only one of these workers 
exceeded 54 years of age, 87.9% being under 35 years. Much of the information avail- 
able on dietary habits of older persons is limited to those no longer actively employed. 
The present report is a study of the food usages and habits of 1,640 employees, 
64 years of age. They were employed throughout the United States in some 230 
ditferent companies of 21 major industrial and occupational categories. The food 
practices were analyzed and related to educational and income levels. 


METHODS 


Records of all food and drink consumed over a 24-hour period were kept by 1,439 men and 
201 women. Participation in the study was voluntary on the part of the individuals. 

The data reported here are part of the Study of Occupational Retirement being conducted 
by the Department of Sociology and Anthropology of Cornell University under a grant for that 
purpose from the Lilly Endowment, Inc. The analysis of the research data reported here was 
undertaken with the collaboration of the School of Nutrition, Cornell University. Milton L. 
Barron, Jessie Cohen, Edward A. Suchman, and Wayne Thompson rendered technical assistance. 

Professor of Medical Nutrition, School of Nutrition, Cornell University (Dr. Young) ; 
Assistant Professor of Sociology and Co-Director of the Study of Occupational Retirement, 
Cornell University (Dr. Streib), and Research Associate, School of Nutrition, Cornell Uni 
versity (Miss Greer). 
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The diet forms, together with printed instructions for keeping the record, were distributed to 
the participants after they had filled out a detailed sociological questionnaire. All nondietary 
information reported in this paper was obtained from the sociological questionnaire. 

Description of the group studied by sex in terms of educational and income levels is given 
in Tables 1 and 2. 

Workers recorded their intakes for any one of the days of the week. (Previous investigations 
by Young and associates!” have shown that, on the average, the day of the week of record 
keeping appears to be immaterial.) Incomplete records were discarded. The records were then 
coded and tabulated for the number of servings per day of certain foods: milk; meat, fish, and 
poultry; eggs; legumes; cereal products, including breadstuffs; breakfast cereals; other cereal 
products; potatoes; fruits and vegetables high in ascorbic acid; other fruits; green, leafy, and 
yellow vegetables (i. ¢., vegetables high in carotene or vitamin A value); other vegetables ; 


total fruits and vegetables; sweets; tea; coffee; alcoholic beverages and beer, and soft drinks. 


Taste 1.—Distribution of Workers by Educational Level 


Men Women Total Sample 
Educational Level No. % No. 
None to some grade school........ 5 F 5 26.9 635 
Grade school graduate 324 22, 20.9 371 
Some college or college graduate........... 119 
Unknown .. O5 


Totals § 100.0 1,640 100.0 


Taste 2.—Distribution of Workers by Income Level 


Women Total Sample 
Income per Week 10. No. No. 

Under $45 26 78 4.7 
$45 to $100... 5 270 16.5 
$100 and over.. 20.6 
Unknown 04 


Totals. ... 100.0 100.0 


Milk used in mixed dishes and for beverages and cereals was approximated in cups. Meat, fish, 
and poultry, as well as eggs used in mixed dishes, were approximated in terms of servings. 

In order to make a rough evaluation of dietary adequacy, the method described by Trulson 
and associates '! was used. Milk intake was considered adequate if it included the use of two or 
more cups per person. For ascorbic acid adequacy one or more servings of fruits or vegetables 
high in ascorbic acid was required, and for vitamin A adequacy one or more servings of fruits 
or vegetables high in carotene. The approximate protein value of the diet was calculated by the 
method of Trulson on the basis of the following protein content of foods: milk, 8 gm. per cup; 
meat, 21 gm. per serving; eggs, 7 gm. per egg; legumes, 7 gm. per serving; breads and cereals, 
2 gm. per serving, and potatoes, 3 gm. per serving. For all fruits and vegetables other than 
potatoes an additional 5 gm. was allowed. Protein intake was considered adequate if it equaled 
or exceeded 65 gm. per day tor men and 55 gm. per day for women according to Shank.!2 Over- 
all adequacy of the diet was judged on the basis of meeting the adequacy standards for all the 
individual items listed above. 

Records were also examined for food habits—number of meals missed per day, amount, kind, 
and time of day of between-meal eating, and type of meal patterns. 

Finally, each phase of the study was tabulated in relation to sex, educational and income levels, 
and to income levels within each educational level. 
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Food Usage and Adequacy According to Sex.—The percentage of workers who 
received various levels of the key protective foods is summarized by sex in Table 3. 
Only 39% of the men and 35% of the women had an adequate intake of milk, on 
the basis of the conservative standard of adequacy of two or more cups. Over 
one-fifth of the workers received no milk. Slightly more women than men used 
milk, but, in general, those who did used smaller quantities. 

Forty per cent of the men and 51% of the women had protein intakes below 
the recommended levels. Eight per cent of the men and 31% of the women had 
undesirably low intakes of less than 45 gm. per day. Protein intake of men ranged 
from 25 to 156 gm., with a median of 68 and a mean of 70 gm. For women the 
range was from 8 to 94 gm.; the median was 53 and the mean 54 gm. Practically 
all the workers had one or more servings of meat, fish, or poultry per day; over 
two-thirds of the men and two-fifths of the women had two or more servings. 


TABLE 3.—Percentage of Workers Receiving Various Levels of Key Productive Foods, by Sex 


Percentage of Workers Consuming Various 
Levels of Food 
c 
Men Women ‘Total Sample 
Food Level per Day ] No. No. 
Milk No milk 22 2 1,640 
leup : 
2 cups 
3 cups 
4 or more cups 
Protein Men, 65 gm. or more 
Women, 55 gm. or more 
Meat, fish, poultry None 
One serving 
Two or more servings 
Fruits & vegetables None 
high in ascorbic One serving 
acid ‘Two or more servings 
Fruits & vegetables None 
high in carotene One or more servings 
Over-all adequacy Milk, 2 or more cups 
Protein, 65 gm. 
Foods high in ascorbie 
acid, one serving 
Foods high in carotene, 
one serving 


RESULTS 

Over two-fifths of the men and one-third of the women had no rich source of 
ascorbic acid during the day. Two-thirds of the older workers had no fruit or 
vegetable which was a rich source of vitamin A value and hence presumably had 
an insufficient supply of carotene. 

Only about 10% of the men and 7% of the women met the over-all standard 
of adequacy. In a similar evaluation, Trulson' found that 16% of her men and 
7% of her women workers met the standard. 

The one-day diet records also were tabulated for certain other foods. Not only 
did more men than women use eggs (48 vs. 42% ), but they used larger quantities. 
Thirty-one per cent used two or more eggs per day, in contrast to 13% of the 
women, Eighty-five per cent of the workers used no legumes; the limited usage 
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was almost identical for both sexes. Over 99% of both men and women workers 
used bread or bread substitutes ; only 11% of the men and 22% of the women used 
less thea three servings per day. The maximum usage for women was 9 servings, 
but 8% of the men used 10 or more servings per day. The sex difference was 
shown by a median usage by men of five servings per day and by women of three. 
Breakfast cereals were used by almost identical percentages of men and women: 
38%, men; 34%, women. Only 13% of the men and 10% of the women used any 
other cereal products, such as macaroni, noodles, spaghetti, or rice. 

Three-fourths of the men and three-fifths of the women used potatoes one or 
more times a day. Sixteen per cent of the men and 11% of the women used no 
fruit of any kind. Nearly one-third had none other than what they might have 
had as a high ascorbic acid fruit. The median number of servings of any kind of 
fruit for both men and women was two. Slightly over one-fourth of both men and 
women had no “other vegetable,” i. e., other than what they might have had as 
potatoes or as high carotene vegetables. Only 5% failed to use any kind of vegetable ; 
the median number of servings of all vegetables used per day for both men and 
women was two. Fifty-seven per cent of the men and 54% of the women used two 
servings or less per day of any vegetables, including potatoes. The median number 
of total servings of fruits and vegetables of all kinds used per day for men was 
four and for women five. 

Approximately one-fifth of the older workers used no “sweets” during the 
entire day. “Sweets” included candy, cake, cookies, doughnuts, jams, jellies, honey, 
gelatin desserts, pudding, pies, ice cream, and sherberts. However, over one-fifth 


of the men and one-fourth of the women used sweets three or more times a day. 
About one-third used them only once a day. 


Only 26% of the men and 44% of the women used tea any time during the day. 
Over 90% of both men and women used coffee at least once a day ; 28% used four 
or more cups. Seventy-seven per cent of the men and 97% of the women listed 
no beer or alcoholic beverages used during the 24-hour period. Less than 10% 
of either sex used soft drinks during the day recorded. 

Food Habits —More than 99% of both men and women ate three times or 
more during the day. In fact, 66% of the men and 70% of the women ate four to 
seven times. In contrast to groups previously studied (homemakers, various types 
of students), 97% of the men and 95% of the women workers missed no meals. 
Lunch was missed by slightly more workers than breakfast or dinner and more 
frequently by women than by men. 

One-third of the men and women did not eat between meals ; another one-third 
ate once ; an additional one-fourth to one-fifth ate twice ; the remaiming approximately 
one-tenth ate three or more times between meals during the day. Slightly over 
one-third of the between-meal eating was done during the morning; only one-fifth 
was in the afternoon; nearly one-half was at night. The women did more of their 
eating in the evening and less in the afternoon than was true for the men. The 
kind of food taken between meals varied somewhat for men and women. For 
both sexes about 40% of the food was mostly carbohydrate, such as cookies, cake, 
candy, or doughnuts. A little less than 20% used by both men and women was 
fruit. For men another 20% was milk or ice cream, with a slightly lower percent- 
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age for women. Another 20% of between-meal eating for the men was sandwiches, 
with 8% for the women. Refreshment, such as tea or coffee, was used by 20% of 
the women and 4% of the men. 

The two predominant items in the breakiast patterns of both men and women 
were (1) some form of carbohydrate, such as toast, doughnut, sweet roll, or cereal, 
and (2) some beverage other than milk (92% of the cases). Forty-six per cent 
of the workers ate some sort of fruit. Approximately 50% used some rich source 
of protein other than milk, such as eggs, meat, ete. This was true for a sub- 
stantially larger proportion of men than women. l-xactly one-fourth of the workers 
used milk in some form at breakfast. The breakfast patterns of the men and women 
differed in that more women used fruit and nonmilk beverages but less used a 
rich source of protein and a milk beverage. 

Lunch patterns showed sharper differences between men and women, About 
two-thirds of the men used sandwiches; one-fourth, milk; three-fifths, nonmilk 
beverages ; two-fifths, fruit, and one-half, sweet desserts. Over one-fourth of the 
men used a meat, fish, or poultry, potato, bread and butter, and salad or vegetable 
type of lunch. In contrast, slightly under one-half of the women had a sandwich 
lunch ; over one-half, a sweet dessert; one-third, fruit; one-seventh, milk, and over 
two-thirds, a nonmilk beverage. About one-fifth had meat, fish, or poultry and 
two-fifths a salad or vegetable other than potatoes. Dinner patterns in about 85% 
of the cases for both men and women were of the meat, fish, and poultry or casserole 
type. Only 17% of the workers used milk at dinner, with 72% using nonmilk 
type of beverages. Only 10% used sandwiches at the evening meal. About one- 
half had sweet desserts; one-fourth, fruit. 

Effect of Education—The food usage of the men and women was examined 
according to educational level: those with some or no grade school, grade school 
graduates, those with some high school, high school graduates, and finally those 
with some college or college graduates. With increasing education there was 
increasing use of milk, eggs, fruits and vegetables high in ascorbic acid, fruits and 
vegetables high in carotene, other vegetables, legumes, and breakfast cereals. For 
hoth men and women, as the educational level rose, there was a steady increase in 
the percentage of subjects at each educational level who used some milk: men, 
from 71 to 84% ; women, from 80 to 92%. There was also a tendency for the 
percentage who consumed adequate quantities of milk to become greater as the 
educational level increased: men, from 34 to 45% ; women, from 33 to 54%. A 
higher percentage of persons of the higher educational levels used eggs than was 
true of those of the lower levels: men, 65 vs. 59% ; women, 67 vs. 48%. Kor both 
men and women, as the educational level rose there was a striking increase in the 
usage of fruits high in ascorbic acid. Only 51% of the men who attended grade 
school used these fruits, while 71% of those who attended college did; for women 
the steady increase was from 61 to 87%. Also, at the higher educational levels 


a larger number of persons used two or more servings per day. The greater 


usage of vegetables high in carotene as education increased was much more pro- 


nounced and consistent for men than for women. For the men the increase was 
from 28 to 51%; for the women there was no consistent pattern. As educational 
achievement increased, there was a definite increment in the percentage at each 
level who used vegetables and in the number of servings used each day. Though 
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legumes were not widely used at any educational level, nevertheless there was 
some tendency for greater usage at the higher levels. In. the same way for the 
men there was a definite and consistent increase in the use of breakfast cereals 
(31 to 50% ) as the level of education rose. This was not true for the women. 

The usage of certain foods declined as educational level increased. Meat was 
widely used at all levels, but the quantity of meat used per day, in terms of number 
of servings, decreased as educational level increased. This was also true of bread 
and bread substitutes. Nearly twice as many of the men at the lower educational 
level used 6 to 10 or more slices of bread per day as did those at the higher level. 
The same was true for the usage of potatoes by the women ; there was a very definite 
decrease from about 70 to 46% as education increased. For beer and alcoholic 
beverages there was a slight but consistent reduction with increase in educational 
level in both the percentage reporting the use of these items and in the quantity used. 

For certain foods usage seemed to bear no relationship to education. This was 
true for sweets, soft drinks, potatoes (for the men), and fruits. Though there was 
some slight tendency for more fruit to be used at the higher levels, the tendency 
was neither so marked nor so consistent as in the case of the fruits high in ascorbic 
acid. 

The apparent over-all adequacy of the diet increased for men as the educational 
level rose. Seven per cent of those who attended grade school only and 16.5% of 
those who attended college showed an over-all adequate diet. For women, though 
the number with an “adequate diet” was very limited, there was no relationship 
between education and adequacy. 

ducational influences were less pronounced in regard to food habits. The 
amount and kind of between-meal eating had no relation to education. As the 


educational level increased, there was more midaiternoon between-meal eating ; 


however, at the lower educational levels, there was more midmorning eating. As 
educational level increased, a higher percentage of the employees at breakfast used 
fruit, protein, and milk, and at dinner, salad or vegetables and fruit. The usage of 
bread decreased at the dinner meal as education increased, Lunch patterns seemed 
to have no relationship to educational level. 


Effect of Income.—Food usage and food habits were studied in relation to income, 
irrespective of educational level. Men and women were divided into groups by 
income according to the following classification: those receiving under $45 per 
week ; $45 to $65; $65 to $85; $85 to $100, and $100 and over. As the level of 
income rose, the percentage of men in each group using milk, fruits, vegetables, 
high ascorbic acid fruits, breakfast cereals, sweets, and beer and alcoholic beverages 
increased, The increment in the percentage of men using some milk at the higher 
income levels was steady and consistent, 62 to 839% ; also, as income increased, there 
was a slow but steady rise in the percentage of men who received an adequate milk 
intake, 31 to 42%. For women there was no clear-cut effect of income on milk 
usage. The lowest income group had the highest percentage of women who did 
not use any milk, but it also had the highest proportion who received an adequate 
intake. It should be pointed out that the income range of the women was less 
great than in the case of the men. Though the use of fruits as a whole increased 
as one ascended the income ladder for both men and women (65 to 77%, women; 
58 to O8%, men), the use of fruits high in ascorbic acid tended to rise with increased 
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income only in the male group. There was a slight but consistent tendency for a 
higher percentage of the men to use vegetables as income increased (66 to 79% } ; 
also the number of servings used per day was greater. For men the usage of 
breakfast cereals increased from 23 to 43% as income rose, but the reverse tendency 
held for women. In the case of legumes, as income increased, the percentage of 
men using legumes dropped from 31 to 17% ; for women it increased from 10 to 
33%. 

Income level seemed to bear no relationship to usage of meat, bread, potatoes, 
fruits and vegetables high in carotene, and soft drinks. There was an inverse 
relationship between the usage of eggs and income. In the lower income levels, 
in general, a higher percentage of persons used eggs, and also a greater number 
of eggs were used per person. 

The over-all adequacy of the diet showed less relationship to income level than to 
educational level. There was a slight tendency for over-all adequacy to be higher at 
the higher income level. 


Taste 4.—Number and Percentage of Persons Who Have Two or More Servings of Milk 
per Day, According to Income and Educational Levels 


Some 

Grammar Sehool Some High High School 

School (iraduate School Ciraduate 

=, d - - — 
Weekly Ineome No No % 

Less than $65...... ke { % 
965 to $85..... 
$85 to $100.... 


43 


#100 or more.... 


treakfast patterns for men showed the percentage using fruit to increase steadily 
from 27 to 67% as income increased and the percentage using milk at breakfast 
to increase from 19 to 28%. This relationship did not hold for women. For lunch 
there was increasing usage of fruit by both sexes and an increased usage of sweets 
by men as income increased. In the dinner pattern the usage of salads or vegetables, 
sweets, and meat, fish, and poultry increased with increased income. Bread usage in 
the dinner pattern decreased as income increased. No aspect of between-meal eating 
seemed to be related to income. 

Differentiation of Effect of Education and Income. The preceding data have 
indicated that when the variables of education and income were tabulated separately 
there appeared to be relationships to the usage of milk, fruits and vegetables high 
in ascorbic acid, and “other vegetables.” Since these items are important protec- 
tive foods in the diet and since educational and income levels may be highly related, it 
seemed important to try to separate the influence of these two variables in order 
to determine which factor was more significant. The segregation of the influence 
of each variable was accomplished by tabulating food usage by income level within 
‘ach educational grouping. The data in Table 4 indicate that for milk consumption 
there was no relationship between income level and the proportion of persons with 
an adequate milk usage. However, there was a definite and consistent relationship 
between milk usage and educational level. As educational level increased within 
each income group, the percentage of workers using an adequate quantity of milk 
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rose, The relationship is most striking when we compare the highest and lowest 
levels of educational attainment, holding income constant. 

Turning to Table 5, which presents the data on the use of foods high in ascorbic 
acid, we find that there was some but no consistent relationship between usage of 
these foods and income within each educational level. There is a fairly definite 
and consistent relationship between level of education and use of these foods; as 
educational level rose, there was a progressive increase in the usage. The most 
striking differences are again observed when one compares the highest and lowest 
levels of education. For “other vegetables” (those other than potatoes and vege- 
tables high in carotene) there is no consistent relationship between income level 
and usage within each educational level (Table 6). There is a consistent and positive 


Taste 5.—Number and Percentage of Persons Who Have One or More Servings of ood 


Rich in Ascorlbic Acid, According to Income and Educational Levels 


Some Giramimar 
Grammar School Some High High Sehoo! 
School Graduate School Graduate 
Weekly Ineome No t No 


Less than $65 135 4 


S85 to #100........ ‘ ‘ 47 


or more 


TaBLe 6.--Number and Percentage of Persons Who Have One or More Servings of “Other 


legetables,” According to Income and Educational Levels 


Some Grammar 
Grammar School Some High High School 
School Graduate School Graduate 
Weekly Income No No 
Less than 865 173 
SAD to 


or more 


relationship between educational level and the usage of “other vegetables” when 
we control on income, .\gain the differences are most marked when we compare 


the usage of these foods at the highest and the lowest level of education, holding 
Income constant, 


COMMENT 

The data presented here are subject to the limitations found in a one-day dietary 
record. However, for the description of the food practices of a group, a short 
record on a large number of persons has been shown to be the most efficient method 
of study. In previous investigations the seven-day record and 24-hour recall appeared 
to give similar results on a group basis, and a one-day record could be substituted 
for the 24-hour recall if it were easier to obtain (Young and associates |’). It should 
also be remembered that dietary studies are not direct measures of nutritional 
status and hence should not be interpreted as such. Food intake does, however, 
influence nutritional status and hence is of interest. 
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There is considerable room for improvement in the diets of the older workers 
studied with respect to the use of milk, fruits and vegetables high in ascorbic acid, 
iruits and vegetables high in carotene, and, to a less extent, protein. Sixty-two per 
cent of these older workers had a less than desirable intake of milk or its equivalent. 
Low milk usage is a common inadequacy in the diets of industrial workers. The 
figures reported here are almost identical with those for the young aircraft workers 
studied by Wiehl. Only 37% of these young men consumed two or more glasses 
of milk per day. Trulson’s male textile workers fared somewhat better (49% ), but 
the women in her study were somewhat poorer (30% ). Probably the use of more 


milk in the industrial worker's diet would be the most important single improvement 


which could be recommended. Two steps which might be taken to increase milk 
consumption are (1) educational programs to poimt out the importance of milk 
usage in the daily diet and (2) increased opportunity to obtain milk easily in indus- 
trial and business establishments. 

The use of meat, fish, and poultry was similar to that reported by ‘Trulson for 
the textile workers and was considerably better than the figures for the aireraft 
workers during the war years, when only 809% of the workers had these foods one 
or more times per day. The protein intake of the older workers was somewhat 
poorer than that of the younger workers studied by Trulson. Obviously the less 
than-desirable protein intakes of 40% of the older male workers and 51% of the 
female workers were probably not related to poor meat, fish, or poultry intake but 
rather to the poor milk usage of 62% of the workers. 

Though only 58% of the men and 70% of the women used fruits or vegetables 
high in ascorbic acid, actually these older workers made a better showing than did 
Trulson’s younger workers (380% ) or Wiehl's California airerait workers (30% ). 
There is an even greater need to increase the usage of vegetables high in carotene 
value, i. e.. green, leafy, and yellow vegetables. Only one-third of the workers had 
the desirable one serving per day. In this respect the older workers did less well than 
the younger ones previously studied, but in both instances the intake of women 
workers in regard to this class of food was better than that of the men. Obviously 
one of the greatest needs in dietary education of industrial and business employees 
is to increase the usage of fruits and vegetables of all kinds, particularly citrus 
fruits, tomatoes, and green, leafy, and yellow vegetables. 

The findings in regard to the relation of educational and income levels to food 
usage are exceedingly interesting, particularly the segregation of the influence of 
the two variables. The fact that educational level proves to be the variable of greater 
importance refutes the often unsubstantiated claim that dietary differences are more 
closely related to income than to education. “This lends hope and encouragement to 
the educator. In the present study we have no information concerning any nutri- 
tion education per se to which the workers may have been exposed; only their gen 
eral educational levels are known. There can be no question but that the usage of 
the important protective foods—milk and its products, fruits and vegetables high in 
ascorbic acid, fruits and vegetables high in carotene (vitamin A value), and “other 
vegetables” —is related to educational level. It is also interesting that the pattern 
and level of adequacy of the diets of those older persons who are still actively work 
ing at 64 vears of age are superior im most instances to those of the younger work 
ers reported in the literature. For older persons who are actively working there 
does not seem to be a deterioration in food habits with age. 
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SUMMARY 

Twenty-four-hour records were collected on food intake of 1,640 64-year-old 
employees from 230 companies in 21 major industrial and occupational categories. 
The employees represented a wide range of educational attainment and income levels. 
The one-day records were tabulated in terms of the number of servings of certain 
foods used per day. Adequacy of the diets was evaluated for milk, fruits and vegetables 
high in ascorbic acid, fruits and vegetables high in carotene (vitamin A value), and 
protein content. An over-all adequacy rating was given in terms of a composite of 
all these factors. Food records were also examined in terms of food habits. Finally, 
the adequacy of food usage and food habits were tabulated in relation to sex and to 
educational and income levels, 

A less-than-desirable milk usage was one of the most important faults in the 
diet of these older employees ; 22% used no milk at all, and 62% failed to meet the 
conservative standard of adequacy of two cups per day. Forty per cent of the men 
used less than 65 gm. of protein per day and 51% of the women used less than 
55 gm. per day, in spite of a liberal usage of meat, fish, and poultry. 

Fifty-eight per cent of the men and 70% of the women used one or more serv- 
ings per day of fruits or vegetables high in ascorbic acid. Only 34% of the men 
and 43% of the women used one or more servings per day of fruits and vegetables 
high in carotene (vitamin A value). Ten per cent of the men and 7% of the women 
received an over-all dietary rating of “adequate,” as evaluated by the techniques 
used in this study. 

Only 3% of the men and 5% of the women missed any meal during the day of 
recording ; the meal most frequently missed was lunch. 

Two-thirds of the workers ate between meals; about one-half of the between- 
meal eating was in the evening and one-third in the morning. Foods which were 
primarily carbohydrate were the commonest between-meal snacks. Meal patterns 
varied somewhat with the sex of the worker. 

In general, it may be said that as educational level rose the adequacy of the diet 
increased, even though the usage ot certain foods tended to decrease. Education 
was found to have a greater influence on food usage than on food habits. There was 
also a positive relationship between income level and the usage of certain protective 
foods. However, when food usage was studied by income level within each educa- 
tional grouping, and hence the effects of education and income were separated, it 
was discovered that education was the more important variable. As income level 
increased within each of the various educational categories, there was no consistent 
relationship to the adequate usage of milk, fruits and vegetables high in ascorbic 
acid, fruits and vegetables high in carotene, or “other vegetables.” On the other 
hand, there was a definite positive relationship between the use of these important 
protective foods and educational level. 

This survey shows that there is still a need to encourage the use by industrial 
workers of milk and its products and of fruits and vegetables, particularly citrus 
fruits, tomatoes, and green, leafy, and yellow vegetables. 

The older persons who are still actively employed at 64 years of age appear to 
eat in a pattern and at a level of adequacy in most instances equal or superior to that 
of younger workers previously studied. 
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FOUNDRY WORKERS’ PNEUMOCONIOSIS 


O. A. SANDER, M.D. 
MILWAUKEE 


| eet silicosis has been known to occur in American foundry workers 
for almost a century, the first survey to determine the extent of the hazard 
was not made until 1932, when McConnell and Fehnel! surveyed a selected group 
of 210 Milwaukee foundry workers. This study showed that a moderate hazard 
existed and led to the complete and continuing survey of all foundry workers in the 
Milwaukee area, which | helped to launch in November, 1932, and which still is 
going on. 


Two early statistical reports were published * which showed conclusively that 
there were relatively few operations in only the larger steel and iron foundries 
which produced most of the silicosis cases. For the purpose of this new report, | 
should like to review the major causes of those early cases and then to present a 


number of representative cases to illustrate the results of the tremendous improve- 
ment in dust control with these operations in the past 15 to 20 years. 

First among silicosis producers in the past was sandblasting. Blasters who wore 
only canvas bags over their heads in the early days developed progressive silicosis 
after only a few years of exposure. They are well illustrated by the case of J. F. 
(Fig. 1) who blasted from 1924 to 1928 with only a canvas bag over his head as pro- 
tection and then was given a positive-pressure helmet which he wore the next five 
years. His first chest film, in January, 1934, showed a well-advanced nodular silicosis. 
At this time he was given a completely nondusty job; yet his case continued to pro- 
gress to a massive conglomerate fibrosis and high-grade emphysema by 1939.) In 
1941, he died of cor pulmonale, which was caused directly by the lung pathology. 

Today sandblasting may be considered a safe occupation. Steel shot has largely 
replaced sand as the abrasive, and the modern positive-pressure air helmets appear 
to be almost 100% effective in preventing silicosis even when sand is used. | have 
seen only a few new silicosis cases in sandblasters since 1935, and | am observing 
periodically over 200 blasters who continue that occupation without periodic shifts 
to nondusty jobs. The case of F. K. (Fig. 2) illustrates the effective control of 
this operation today. This worker has been sandblasting for the past 12 years with 
sand and not steel shot and has shown no x-ray changes since the 1933 film. 
Proper maintenance of air helmets is absolutely essential at all times to accomplish 
such good protection. The silicosis in one of our new cases since 1935 was directly 
attributable to a leaky helmet. 

Presented at sixth Conference of the McIntyre Research Foundation on Silicosis, held in 
Toronto, Canada, Feb. 1-3, 1954. 

* References 2 and 3. 
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Molding was a fairly common cause of silicosis in the early days because of 


general plant dustiness, plus the high silica parting compounds used by niany molders, 


particularly in iron foundries. R. D. (Fig. 3), aged 64 years, was such a molder, 


Fig. 1.—Chest roentgenograms of J. F. taken Jan, 24, 1934, and Aug. 29, 1939, by 


which time 
massive conglomerate fibrosis and high-grade emphysema had developed 


Fig. 2.—Chest roentgenograms of F. K. taken in 1933 and 1953, showing effective control of 
the development of silicosis among sandblasters. 


who already had a well-developed nodular silicosis in 1935 after 25 years as a molder. 
Marked improvement in dust control has been effected since 1935 and nonsilica 


parting compounds have been substituted for the silica, but he stayed on his regular 


job. While there has been some increase in his silicosis in the past 1& years, at 
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age 65 he still is working without chest symptoms. Had the silica parting dust 
exposure continued, he undoubtedly would have developéd advanced disabling 
disease some years ago. 


Fig. 3.—Chest roentgenograms of R. D. taken Jan. 17, 1935, and Feb. 2, 1953, showing little 
change as result of improvements in dust control among molders. 


Fig. 4.—Chest roentgenograms of J. B., showing little progression in the development of 
nodular silicosis between 1935 and 1954, 


Many molders have practically no silica dust exposure today, and we are seeing 
very few such cases of progression as cited above. J. B. ( Fig. 4), for example, is 
63 years old and has been a molder in steel foundries for about 44 years. He had 
minimal nodular silicosis in 1935 and has shown practically no increase since. His 
job is a heavy one, and he has no symptoms referable to the chest. This case is 
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typical of the majority of our molders with minimal changes 18 to 20 years ago, 
who were kept at work under markedly improved dust control and who have shown 
little or no change since. 

A case of anthracosilicosis in a molder has been published by Hamlin,* in which 
report it was postulated that heavy exposure to coal dust was the main cause of 
the pathological changes of focal emphysema which closely resembled those which 
have been described as typical of coal miners’ pneumoconiosis. It is quite true 
that gray-iron molders have had and still do have considerable exposure to powdered 
coal dust (known as sea coal). | have noted in a number of postmortem studies 
of such molders who died of various causes that there was considerably more 
anthracotic pigmentation in the lungs than is found in the average city dweller. 
Yet I have not been impressed with their having an excessive amount of emphysema 


in October, 1933, and of P. T. in January, 


in the absence of an advanced associated silicosis, at least not beyond what would be 
expected at the age level of the individual case. Clinically also, our molders who 
are still working do not show any significant amount of emphysema in the absence 
of considerable silicosis. This possible relationship of coal dust exposure and dis- 
abling emphysema, whether in coal miners or in molders, needs much more study 
before any definite conclusions can be drawn. 

The cleaning of large steel castings after the shake-out has caused considerably 
more silicosis in my experience than any other occupation. Because of the high 
pouring temperatures (close to 3,000 F.), because of the size of the castings (up 
to 30 tons), and because of the length of time between pouring and shake-out with 
such large castings (up to a month in some cases), both core and mold sand have 


become baked into the surface of the castings to a considerable degree. Some of 


the quartz in this surface scale has been converted into cristobalite and tridymite, 


which are more reactive in the lungs than is quartz. This hard seale is difficult to 
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blast off either with sand or with water and frequently can be removed only with 
pneumatic hammers. The rough chippers in such foundries sometimes have devel- 
oped evidence of silicosis in less than 10 years in the past. 

The cases of P. T. and A, C. (Fig. 5) are good examples of such exposures. 
These workers came from Italy together on the same ship and. started chipping 
side by side at the same time. Both had advanced nodular silicosis when first seen, 
in 1933 and 1934, after 15 years of exposure. Both were shifted to a smaller 
cleaning room where only well-cleaned castings were being chipped and the free 
silica exposure was minimal. Both were examined periodically through the next 
12 years. The case of P. T. (Fig. 6) had progressed slightly by 1946, but the 
silicosis remained nodular. A. C. (Fig. 6) had developed massive fibrosis and 
emphysema and died in 1945 at the age of 55 of cor pulmonale, which was directly 


Fig. 6.—Chest roentgenogram of A. C. taken in November, 1945, showing development of 
massive fibrosis and emphysema; chest roentgenogram of P. T. taken in February, 1946, showing 
only slight progression in the development of nodular silicosis. 


attributable to his advanced silicosis and emphysema. P. T. died in 1949 at the age 
of 75 of uremia, with no symptoms referable to the chest. Although I never was 
able to recover it, I believe that the tubercle bacillus was responsible for the pro- 
gressive massive fibrosis in the case of A. C. 

The chipping operation has been much improved since about 1935 with the use 
of kerosene on the scale. The chippers, moreover, are equipped with approved 
respirators, and the operation often is done in front of a large exhausted grid. M. S. 
(Fig. 7) has worked only under these improved conditions for the past 19 years 
and has shown only a slight prominence of the linear markings. The research 
department in this foundry now is working with numerous parting materials in the 
hope that one will be found which will prevent much of the sand scale on the 
surface of the large castings. Substitutes for sand as a molding material also are 
receiving much study. 
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In iron foundries and most steel foundries, chipping today is not a_ silicosis 


producer. Castings are being so thoroughly cleaned in wheel abraters and by 
blasting before chipping and grinding that only rough metal edges remain to be 
chipped or ground off. Chippers from our iron foundries are showing no evidence 
of silicosis after more than 20 years of chipping. 


Fig. 7—Chest roentgenograms of M. S. taken in 1934 and 1953, showing effective control 
of the development of silicosis among chippers. 


Fig. 8—Chest roentgenograms of A. D. taken March 14, 1936, and April 17, 1948, showing 
effective control of the development of silicosis among grinders. 


This brings us to grinding, which, like chipping, has caused considerable. sili- 
cosis in the past, both by the use of sandstone grinding wheels and by grinding 


uncleaned castings. Artificial abrasive wheels have replaced the sandstone for more 
than 25 years, except in rare instances such as that of A. D. (Fig. 8), whom I 
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found in 1936 grinding kitchen knives on a wet sandstone wheel in a small cutlery 
shop. He had done this work for 12 years, which had produced a classical nodular 
silicosis. Aluminum oxide wheels replaced the sandstone in 1936, and all the 


Fig. 9. —Chest roentgenograms of P. L. taken in July, 1933, and January, 1949, showing a 
nodulation primarily due to siderosis. 


2 28 48 


Fig. 10.—Chest roentgenogram of H. L. 
taken Feb. 28, 1948, showing characteristic 
nodulation of siderosis. 


grinders were allowed to continue their work. Twelve years later only slight 
progression had occurred and some emphysema had developed, but no more than 
one would expect from the original silicosis. The additional 12 years of grinding 
quite obviously had not been aggravating in any way. 
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Grinder, P. L. (Fig. 9), has used only artificial abrasive wheels but did all his 
grinding in the cleaning room of a large steel foundry. When first seen, in 1933, 
after 14 years of grinding, he already had a moderate degree of nodulation in both 
lungs, which we called a second-stage silicosis at that time. I advised him to do 
only nondusty work in the future, as a result of which he received a compensation 
award for 50% permanent disability from his last employer. He alleged definite 
symptoms of pulmonary dysfunction at that time. In 1941, during the peak of 
defense production, he wanted to return to his old grinding job and said he felt 
well and had no symptoms. | found no increase in the nodulation since the 1933 
film. Having become “siderosis-conscious” by 1941, | allowed him to return to his 
old job, which he is still doing today at age 66 without symptoms and without 


Fig. 11.—Chest roentgenograms of F. L., a core maker, taken in 1933 and 1953 and showing 


no increase in nodulation over a 20-year period 


material increase in the nodulation. | believe that his nodulation is primarily due 


to iron deposits, or siderosis, with little if any silicosis, but minimal silicosis cannot 
be completely ruled out in this case. 


Many grinders in ovr foundries today have far more exposure to iron oxide 


than to silica dust, and we are finding increasing numbers of flexible shaft grinders 


on unventilated jobs who are showing the characteristic nodulation of siderosis. 
H. 1. ( Fig. 10), for example, did such grinding for 15 years on thoroughly cleaned 
castings and not in a foundry. It is known that his only dust exposure was iron 
oxide from the castings (over 90% ) and aluminum oxide from the grinding wheels, 
both of which are inert. In Figure 10 the root shadows are perfectly normal; 
these would be large and dense were the nodulation due to silicosis, making this 
an important differential diagnostic point between these frequently confused condi- 
tions. This man, of course, has no symptoms referable to the chest, and he never 
will have from the iron deposits, because there is nothing more benign than the 
siderosis of welders, oxyacetylene cutters, and grinders. 
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There are several other foundry jobs which I might discuss but which have 
caused much less silicosis even in the past than those | have mentioned. Core 
making is one of these, with less than 1% of the cases in our original survey showing 
evidence of silicosis, practically all of the old cases resulting from dusty core sand 
mixers. KF. L. (Fig. 11), for example, who has been a core maker for 45 years, 
had minimal nodular silicosis in 1933 and has shown no increase in the nodulation 
in the past 20 years. He still is working as a core maker without chest symptoms. 

Shaking out castings originally looked as if it would be one of the major 
silicosis producers, but I have found very little more silicosis in the group doing 
this work than in core workers. O. C. (Fig. 12), for example, has been on a 
night shake-out gang in a malleable iron foundry for 24 years altogether and shows 
no evidence of silicosis. The smoke and steam which rise from a shake-out carry 
silica dust with them, of course, but the laborer on the job stays out of the direct 
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Fig. 12.—Chest roentgenograms of O. C., a shake-out worker, taken in 1935 and 1952 and 
showing no evidence of silicosis as result of dust-control measures. 


dust current. In addition, there is no fracturing of sand particles with this opera- 
tion, Large grid exhaust ventilation is preventing much contamination of the rest 
of the plant from this source of smoke and dust. 

Although we are seeing practically no new cases of silicosis developing in recent 
years and many of our foundries have not had any new cases since 1933, most 
foundries still have old employees with varying degrees of silicosis acquired before 
1933. Some of these cases do progress, and the workers become disabled because 
of associated tuberculosis and increasing emphysema. | believe, however, that 
those who do become disabled from time to time would have done so no matter 
what other measures might have been used to prevent such progression. It seems 
doubtful that one would be justified in advising sanatorium care and giving anti- 
microbial drugs before a definite diagnosis of associated active tuberculosis could 
be made. Such breakdowns are becoming fewer and fewer in recent years, a fact 
which | attribute to the vastly improved dust control. 
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CONCLUSIONS 


I believe we are justified in arriving at the following conclusions : 


1. The silicosis hazard has been almost negligible in the majority of small iron 
and nonferrous foundries and is practically nonexistent in such foundries today. 

2. The hazard varied from minimal to serious in the larger iron and steel foun- 
dries before dust-control measures were instituted. 

3. There is no foundry occupation in which dust dissemination cannot be 
adequately controlled, so as to prevent silicosis from developing in any worker so 
employed. 

4. All available engineering methods of dust suppression should be tried and 
used before other methods of prevention, such as aluminum dusting, are instituted. 

5. Medical control in the prevention of silicosis and silicotuberculosis in foun- 
dries should be directed primarily at tuberculosis case finding and proper placement 
of already affected workers, so that their future dust inhalation is at an absolute 
minimum. In the vast majority of cases today, this is being accomplished by keeping 
the affected worker at his regular job. 

6. Many cases which were diagnosed as silicosis in the past, particularly in 
welders, grinders, and oxyacetylene cutters and burners, it is now known, have inert 
iron deposits as the principal cause of the nodulation, with little or no silicosis. 
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HE EFFECT of organic phosphorus insecticides on persons with and without 

occupational or environmental exposure to these compounds has been reported 
previously.’ The present report concerns a determination of the potential exposure 
of orchard spray operators to parathion. This investigation was carried out by 
analyzing the concentration of parathion in air and determining the dermal exposure 
of workers. 

The insecticides parathion and D. D. T. are usually applied to the fruit orchards 
of North Central Washington by one of three methods—high-pressure hand spray 
equipment, air-blast machines, or aircraft. 

High-pressure (around 600 Ib. per square inch) hand spray equipment generally 
consists of a stationary spray tank and pump conveniently located in the orchard. 
The insecticide is distributed to all parts of the orchard by a permanent network 
of pipes. Workers attach high-pressure hoses at various points along the pipes and 
spray the adjacent trees with hand guns. 

The air-blast equipment generally has its own power source but is drawn through 
the orchard by means of a tractor. Water containing the insecticide is pumped 
through jet nozzles directly into the blast of air created by a fan. The air reaches 
a velocity of 70 to 135 mph and carries the insecticide into the trees. 

Airplanes and helicopters are equipped to deliver either dust or liquid formula- 
tions. When dust is applied by aircraft, a conventional Venturi-type duster is 
employed. Liquids are applied by a gravity flow applicator boom or by a rotary 
brush diffuser. 

Two cover sprays of parathion in combination with D, D. T. are generally used 
during the growing season ; however, additional cover sprays may be applied, depend- 
ing upon insect infestation. The average single application per acre, as determined 
in 1952, was 1.8 Ib. of parathion (ranging from 0.2 to 9.8 lb.) per acre and 10.1 Ib. 
of D. D. T. (ranging from 1.0 to 25.0 Ib.) per acre.’ 


AIR SAMPLING 
Air samples were collected, using a three-stage all-glass modified Greenburg-Smith impinger, 
with ethyl alcohol as the solvent. The source of vacuum for the samplers was a carbon dioxide 
tank equipped with a Venturi jet ejector. A total of 94 air samples were collected for analysis. 
The samples collected were about equally divided between liquid and dust formulations of para- 


From the Communicable Disease Center, Public Health Service, United States Department 
of Health, Education, and Welfare. 
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thion. Parathion content was determined by the method of Averell and Norris.* The collection 
of samples was distributed on the basis of operating procedures among applications, orchard 
mixing operations, commercial mixing, and handling on a commercial scale. In addition, samples 
were taken adjacent to residences near orchards and near residences far from orchards, both 
during and after applications of the insecticide. Samples used for controls were taken outside of 
the agricultural area. 


The results of these analyses are summarized in Table 1. It may be seen that, 
except for the loading or mixing operations and the mixing plant, all of the places 
investigated showed average values for air concentration of parathion below the 
0.1 mg. per cubic meter industrial threshold limit set by the Committee on Threshold 


Taste 1—RKanges and Means of Values for Concentration of Parathion in Air, Expressed in 
Milligrams per Cubic Meter at Different Times and Places 


Method of Application Miscellaneous 


High-Pressure Air- Blast Within Agri- Outside Agri 
Location of Sampler Aireraft Hand Sprayer Sprayer cultural Area cultural Area 


Inside orehard 0.00-0,. 100 O.00-0.74 000-006 


M 0.05 M O09 M 0.08 
N 20 N11 
Trace 
M trace 
Mixing plant Trace-0.28" 
M 0.17 
N 3 
Warehouse 0.00- trace 
M trace 
N 9 
Loading or mixing 0.00-5.53 Trace2.43 
M 0.76 M 0.538 
N56 


Residence near orchard 000-002 


M 0.004 
Nas 


trace 


M trace 


Residence out of area........... 0.00-trace 


M trace 
N6 


M indicates mean; N indicates number of samples; D indicates dust; all others liquid. 


Limits of the American Conference of Governmental Industrial Hygienists. These 
values may be compared with those of Kay and associates,” who reported values 
of 2 to 15 mg. of parathion per cubic meter of air during spray operations and 16 
to 26 mg. per cubic meter during mixing. An American Cyanamid Company 
report ° showed concentrations ranging between 0.04 and 0.29 mg., with a mean of 
0.13 mg. per cubic meter during spray operations. Stearns and associates? have 
reported the finding of 0.36 mg. per cubic meter of parathion in a Florida citrus 
grove during spraying. Brown and Bush * found concentrations of 0.1 to 0.8 mg. 
per cubic meter in a parathion manufacturing plant. 

Results have been reported elsewhere ® which indicate that the use of either 
liquid concentrate or the recently introduced “‘antidusting” parathion water-wettable 
powder (WW P) markedly decreases air contamination during mixing processes. 
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The 27 values for loading or mixing included in Table 1 are made up of 7 samples 
from operations involving ordinary WWP, 12 involving antidusting WWP, and 8 
involving liquid concentrates. Mean values for parathior content of the air samples 
were as follows: for ordinary WWP, 2.15 mg. per cubic meter; for antidusting 
WWP, 0.37 mg. per cubic meter, and for liquid concentrates, 0.02 mg. per cubic 
meter. The highest value for liquid concentrates (0.06 mg. per cubic meter) was less 
than the lowest value for ordinary WWP (0.27 mg. per cubic meter ). 

As far as air contamination is concerned, applying the organic phosphorus 
insecticides is considerably less hazardous than mixing and loading them, especially 
in orchard operations. Application by high-pressure hand sprayers resulted in 
somewhat higher atmospheric concentrations of parathion than were brought about 
by use of the air-blast type of equipment or from application of dust formulations 
by aircraft. The means were 0.09, 0.03, and 0.05 mg. per cubic meter, respectively. 

Little or no parathion was found in air samples taken near residences near 
orchards. No more than a trace of parathion was found in the atmosphere far 
from orchards or outside the agricultural area. 


All the results reported above are in essential agreement with the results (cor- 
rected for blank) on 45 samples taken in the preceding year. The earlier results 
are not reported in detail because they involved large blank values equivalent to 
about 0.05 mg. if interpreted as parathion. The earlier samples were taken with 
a three-stage modified Greenburg-Smith impinger with black rubber fittings, using 
ethyl alcohol as the solvent. It was found that alcohol extracted a material from 
black rubber (but not from latex rubber) that gave a false-positive test for para- 
thion by the Averell-Norris method. In 1952 the error was corrected by using 
all-glass apparatus for the samples reported. The blank under these circumstances 
does not exceed a “trace” if interpreted as parathion. For this reason, no correction 
for blank has been made for the reported samples. 


DERMAL EXPOSURE 


To determine the amount of insecticide that comes in contact with unprotected 
skin areas of spray operators, tests were performed on operators while they were 
applying various concentrations of parathion emulsions and suspensions with high- 
pressure hand or air-blast spray equipment. 

Respirator filter pads, 234 in. in diameter, were attached to various parts of the operator’s 
body or clothing by means of two strips of masking tape. Locations included the back of the fore- 
arms, front of the thighs, top of the shoulders, back of the neck, and front of the neck (jugular 
notch). 

In addition, the volunteers were asked to wear an MSA-type respirator containing two new 
filter pads during the test period. The parathion absorbed by these pads was considered to rep- 
resent quite accurately the potential respiratory exposure. 

The pads were left in position during one or two complete cycles. In the case of high-pressure 
hand sprayers, the cycle consisted of spraying one entire apple tree of medium size (about six 
minutes), There was an average of about 35 trees per acre. In the case of the air-blast sprayers, 
a cycle included the loading operation and also the period (ranging from 5 to 12 minutes) from 
‘ loading until the tank was emptied and the operator returned to reload. Most of these tanks had 
a capacity of 300 to 500 gal. of spray material. An average of 500 gal. was needed to cover an 
acre. The time required to spray an acre varied from 5 to 24 minutes, averaging approximately 
11 minutes. 
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After exposure, the patches were placed in individual Petri dishes and returned to the labora- 
tory. At the laboratory a square containing 1.56 sq. in. was cut from the center of each pad, 
and the parathion was extracted in a Soxhlet extractor. The amount of parathion deposited on 
this square was determined chemically by the method used on the air samples. A total of 119 
dermal and 24 respirator or cheek pads were collected and analyzed. The samples were about 
equally divided between high-pressure hand and air-blast spray operations. 


In an effort to make the analytical results more nearly comparable, values 
obtained for the pads were converted to the number of milligrams per square foot 
which would be deposited on the pads (1) in spraying an acre of orchard and (2) 
in one hour of spraying. The average figures of six minutes per tree and 35 trees 
per acre were used in making conversions to obtain the per-acre and per-hour 
deposition values for the high-pressure hand sprayer. In the case of air-blast 
sprayers the conversions were made on the basis of pertinent data for each sample 
before averaging. The results are shown in Table 2. 


Tape 2.—Average Amount of Technical Parathion Deposited on Various Body Surface Areas 
of Operators Engaged in Spraying Apple Orchards in North Central Washington 


Hich-Pressure Hand Sprayers Air-Blast Sprayers 


Mg. Sq Mg. Sq Mg./Sq Mg. 
Location of Pads Ft. Acre Ft. Hr Ft. Acre Ft. Hr. 


. shoulder 
. shoulder 47 13.3 


26.5 
forearm 76 21.5 
forearm 19.0 


23.3 


10.5 § 270 


19.6 
a4 2.3 12.2 
8.2 ‘ 9.0 
Average dermal i 28 


Respiratory pads 81 


In general, the results for high-pressure sprayers indicate that the heaviest 
deposit was on the forearms, with slightly less on the shoulders, thighs, chest, and 
back of the neck. In the case of air-blast equipment, the heaviest deposits were on 
the shoulders, forearms, and thighs, with somewhat less on the back of the neck 
and chest. The respiratory pads were definitely lowest in both cases, 

Table 2 shows that spraying an acre of orchard with high-pressure hand spray 
equipment resulted in approximately 10 times as much dermal exposure to para- 


thion as was obtained when air-blast sprayers were used. However, on the average, 
about twice the exposure was obtained by operators of air-blast sprayers as that 
obtained by high-pressure hand sprayer operators when equal time periods were 
considered. The insecticidal exposure on a time basis for high-pressure hand 


sprayers probably would be as great as that for operators of air-blast equipment 
if the former loaded their equipment themselves, since loading and mixing produce 
considerably higher atmospheric contamination than do spraying activities. 
COMMENT 
No evidence was obtained as to the effectiveness of various types of clothing 
in preventing dermal exposure. Studies by the Communicable Disease Center with 
D. D. T. applied as a residual spray for fly control indicated that ordinary clothing 


prevented most of the spray material from reaching the skin. This also should 
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be true with parathion spraying in orchards. Appreciable penetration should be 
expected only if the clothing became wetted with spray. This condition is not 
uncommon with high-pressure hand spraying but rarely occurs with air-blast spray- 
ing. An orchard spray operator could anticipate significant dermal exposure only 
if he failed to change into fresh clothes daily or removed his shirt in warm weather 
or otherwise exposed large areas of skin. 

While most of the air samples showed parathion concentrations below the indus- 
trial threshold limit, operators are likely to encounter higher exposures for short 
periods during routine orchard-spraying operations unless extreme caution is 
taken. The threshold limit of 0.1 mg. per cubic meter is based on continuous 
exposure for up to eight hours per day. The results reported herein indicate that 
spray operators are not apt to encounter continued exposure in excess of 0.1 mg. 
per cubic meter for eight hours a day, but that they are very likely to encounter 
considerably higher concentrations for short periods of time, especially if they are 
involved in mixing and loading operations. The significance of these short-term, 
high-concentration exposures can only be interpreted by over-all experience, which 
has indicated that operators so exposed are apt to develop somewhat reduced cho- 
linesterase activity and may even show some symptoms, though severe illness 
requiring hospitalization is almost always associated with exposure known to be 
more massive.’ 

The respirator pads provided an approximate measure of the respiratory par- 
athion exposure. These pads had a total exposed area of about 0.06 sq. ft. By 
calculation, about 0.19 mg. of parathion was inhaled per hour during high-pressure 
hand sprayer operation and 0.16 mg. per hour with air-blast equipment. 

The figures for respiratory parathion exposure calculated from respiratory pad 
values have been compared with similar figures calculated from air concentration 
values. Assuming a tidal air volume of 480 liters of air per hour '° and using the 
mean air concentration values inside orchards from Table 1, we find that the 
calculated inhalation of parathion in high-pressure hand spraying is 0.04 mg. per 
hour. The calculated rate for air-blast spraying is 0.01 mg. per hour while spraying 
and 0.25 mg. per hour while loading, or about 0.060 mg. per hour for the combined 
operation. 

The magnitude of the respiratory exposure to parathion on a milligram per 
kilogram basis for a 70 kg. man working an eight-hour day has been calculated. 
This exposure, based on the respirator pad values, was 0.022 mg. per kilogram for 
high-pressure hand spraying and 0.018 mg. per kilogram for air-blast operations. 
Based on the air concentration figures, the daily exposures were 0.005 and 0.007 mg. 
per kilogram for high-pressure hand and air-blast spraying, respectively. 

Since it is generally assumed that respiratory and intravenous toxicities are 
essentially the same, the foregoing inhalation values were compared with acute 
intravenous parathion toxicity results. Gardocki and Hazleton '' have studied this 
factor in dogs. Up to 5 mg. per kilogram was tolerated with no signs of intoxication, 
but two dogs dosed at 8 and 10 mg. per kilogram, respectively, showed marked 
cholinergic symptoms and were killed while in a moribund condition. Thus, the 
respiratory parathion exposure values for normal spraying operations (0.005 to 
0.022 mg. per kilogram per eight-hour work day ) fall far below the level of the acute 
intravenous parathion dosage required to produce intoxication in the dog. However, 
the factors of repeated respiratory and of dermal exposure must also be considered. 
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The surface area of the usually unclothed body parts was calculated by Berkow’s 
method.'* As shown in Table 3, the dermal exposure of these parts to parathion 
was then computed, using data from Table 2. Shoalder values were used for 
facial exposure, and forearm values for hands. The computed dermal exposure 
for a 70 kg. man working an eight-hour day is 6.4 mg. per kilegram for high-pressure 
hand spraying and &.9 mg. per kilogram for air-blast spraying. These findings 
are consistent with the previously cited studies on the dermal exposure of spray 
operators to D. D. T. The apparent potential hazaid from dermal exposure to 
parathion accordingly is much greater than that from inhalation. 

A review of published * and unpublished cases of parathion poisoning has revealed 
a number of instances of oral absorption, chiefly associated with suicides, murders, 


Taste 3.—Caleulated Dermal Parathion Exposure for Various Exposed Body Parts in High- 
Pressure Hand and Air-Blast Orchard Spraying Operations 


High-Pressure 
Hand Sprayers Air-Blast Sprayers 
Surface 
Area, Me. Sy Mg./ Body Me./Sq Mg./ Body 
Unelothed Surface Sq. Ft Ft. Hr Part) Hr. Ft. Hr Part, Hr. 


0.70 13.8 9.7 26.3 
ORT 20.3 17.7 0 
1.30 6.0 
O12 59 07 12.2 


Front of neck and “V" of chest 0.16 8.2 1.3 0 


Totals 3.15 


Taste 4.—Summary of Exposure of Workers to Parathion and Comparison of Exposure Values 
with Toxicity of the Compound 


Caleulated Daily Exposure L.D.so to Experimental Animals, Me. Ke. 
oft Workers, Mg. Ke 
Rat 
High-Pressure Air-Blast 
Route of Exposure Hand Sprayer Sprayer Rabbit J r Dog 


Respiratory 0.022" 0.018" 
0.0074 


* Derived trom respirator pad values 
Derived from air coneentration values 
} By intravenous injection, being the closest available estimate of respiratory toxieity 


and aceidents to children. However, the majority of occupational accidents involved 
predominantly dermal exposure. A few exposures appeared to be entirely dermal 
in character. 

Many occupational exposures involve both respiratory and dermal exposure in 
such a way that it is difficult to distinguish their relative importance. It has not 
heen possible to find a single case of serious poisoning in which the exposure was 
solely respiratory, but this may be due to more rigid precautions taken against 
respiratory than against dermal exposure. 

Lehman '* has reported the acute dermal L.. D. 59 of parathion to rabbits to be 
40 to 50 mg. per kilogram. Previous work done by the Communicable Disease 
Center has fixed the acute cutaneous 1... 1). so for rats at 11 and 21 mg. per kilogram 


* References 13 and 14. 


18.4 
d 22.6 
33.8 
14 
és 
| 
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for females and males, respectively. Thus, as shown in Table 4, the exposure of 
spray personnel approaches the acute toxic level as determined by laboratory studies 
in animals. A clear explanation for the fact that this degree of exposure is, to a 
large extent, innocuous is not apparent. It may be partly ‘iue to one or more of 
the following factors: (1) A given dosage level of parathion is tolerated better when 
administered over a period of several hours than when given as a single acute insult ; 
(2) all the body parts listed in the calculations may not be kept uncovered; (3) 
the operator may wash one or more times during the work period; (4) previous 
studies by the Communicable Disease Center have shown a decreased dermal toxicity 
to rats of a parathion-D. D. T. combination as compared with an equal dosage of 
parathion alone, and (5) there may be specific differences in sensitivity between 
humans and experimental animals. 


SUM MARY 
Ninety-four air samples from various locations where spraying operations were 
carried on were collected and analyzed for parathion content. 
The average concentration of parathion in air was found to be less than 0.1 mg. 


per cubic meter (the industrial threshold limit) except for samples taken during 
mixing or loading operations. 


Applications by high-pressure hand sprayers resulted in a somewhat higher 
atmospheric concentration of parathion than was brought about by use of the air- 
blast equipment. The means were 0.09 and 0.03 mg. per cubic meter, respectively. 
The mean atmospheric concentration during application of dust formulations by 


aircraft was 0.05 mg. per cubic meter. 


The dermal parathion exposure of spray operators based on a total of 143 pads 
was found to average 12.8 mg. per square foot per hour or 45 mg. per square foot 
per acre in high-pressure hand spraying and 21.5 mg. per square foot per hour or 
4.1 mg. per square foot per acre in air-blast spraying. 

Calculations were made to determine the approximate dermal and respiratory 
exposure to parathion of a spray operator working an eight-hour day. The dermal 
exposure appeared to be considerably greater than the exposure by inhalation. The 
combined respiratory and dermal parathion exposure approached the acute toxic 
level for laboratory animals. 
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TREATMENT OF INORGANIC LEAD POISONING WITH EDATHAMIL 
CALCIUM-DISODIUM 


ELSTON L. BELKNAP, M.D. 
AND 


MARGARET C. PERRY, B.A., M.A. 
MILWAUKEE 


N THE past, when considering treatment of the commonest type of adult lead 

intoxication, namely, lead colic due to inhalation of inorganic lead compounds, 
we physicians have had two aims. One has been the immediate relief of symptoms ; 
the other, actually to rid the system of absorbed lead by some type of deleading 
therapy after the acute symptoms have subsided. If we were simply scientific, we 
would remove the patient from lead exposure, knowing that within a week or two 
the lead colic symptoms would subside spontaneously. However, being humane, 


and physicians, we find such a strictly scientific form of therapy imadequate. 


Since introduced by Aub in 1925,’ calcium salts given intravenously for the 
relief of lead colic have been well known for their efficacy. In facet, it is now a 
generally accepted method of therapy to administer 50 ce. of 10% solution of calcium 
gluconate intravenously every four hours for relief of lead colic. We know that 
usually two to six such doses given at four-hour intervals are sufficient: without 
morphine to allow a lead colic case to relax almost miraculously in only 20 to 30 
minutes. This prompt relief of lead colic by intravenously administered calcium 
gluconate seems to be due to a nonspecific effect of caletum in relaxing smooth 
muscle, rather than to an immediate clearing away of lead by the calcium. 

Actually, to rid the system of absorbed lead by deleading, there have been many 
different types of therapy suggested in the past 25 or 30 years—shift of the acid-base 
metabolism, by accident or purpose; low calcium intake; high phosphorus diet, 
with magnesium sulfate, sodium citrate, and the long-used potassium iodide type 
of therapy. These have all had their faithiul adherents. All, however, have been 
questioned by a number of workers in the field. Certainly there has been no such 
generally agreed upon treatment for deleading as there has been for the relief of 
smooth muscle colic with calcium gluconate. 

The recently introduced drug edathamil caletum-disodium (monocaleium diso- 
dium ethylenediamine-tetraacetate ; also called calcium EDTA, Versene, or Seques- 

Special bone marrow studies done by D. B. Claudon, M.D., Associate Director of Labora- 
tories, Columbia Hospital. Funds for this special study were supplied by Scientific Advance 
ment and Educational Fund of Columbia Hospital. 

Read before the Section on Preventive and Industrial Medicine and Public Health at the 
103rd Annual Meeting of the American Medical Association, San Francisco, June 22, 1954. 
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trene), when given intravenously, has been shown since 1952 to increase the 
urinary lead excretion sharply. Much of this work has been well summarized by 
Rubin, Foreman, Hardy, and others.* 


To realize how effective this new drug is in stimulating urinary lead excretion, 


one has only to compare the previous levels of about 0.3 to O.8 mg. of lead per liter 
of urine, sometimes seen in acute lead intoxication, with urine lead levels raised 
to 5 to & mg. of lead per liter, or 10 to 20 mg. per 24 hours, following intravenous 
therapy with edathanul calcium-disodium. Of course, how important a daily urinary 
excretion of 20 mg. really is, compared with the possible deposition of several hun- 
dred, or perhaps 1,000 mg. or more, of total stored lead, has yet to be determined. 
It will depend somewhat on future studies of the ratio of firmly combined lead, as 
found in compact bone, to the loosely combined lead which may be found in storage 
depots in trabeculae of the bone or in the large, soft tissue organs. 

The theory of action of this new drug, edathamil caleitum-disodium, is that it 
chelates or binds a metal-ion-like lead by complexing the metal in a ring structure 
so tightly that it is un-ionized. This apparently renders the metal harmless for 
safe excretion, in contrast to lead liberated by other methods that allow it to 
circulate dangerously in the blood. Further, how valuable such complexing is in 
the actual relief of lead colic is still an open question. We do know, however, that 
the intravenous treatment with edathamil caleium-disodium is the most effective 
way of deleading that has yet been discovered, either in the acute lead intoxication 
or in the chronic lead absorption cases. 

My own experience (I¢. L. B.), dating back to February, 1952, includes seven 
cases in which | used edathamil calcium-disodium intravenously. These cases were 
under hospital control. 


METHODS OF ANALYSIS OF URINE FOR’ LEAD 


The specimens of urine for lead content were analyzed by the method of Bambach,® involving 
a direct acid ashing of the urine specimen and the final determination of lead made colorimetri 
cally with dithizone. 

The urine specimens studied tor coproporphyrin ILL were examined qualitatively and quanti- 
tatively. For the qualitative determination the method was that of MeCord® and of Brooks.'” 
A 10 ml. portion of urine was made acid by the addition of glacial acetic acid, 2 drops of hydro 
gen peroxide were added, and the mixture was extracted by shaking with 2 vol. of ether. After 
standing for 30 minutes, the tubes were examined in a darkroom with a Wood ultraviolet light. 
For the quantitative determination, the method was that of de Langen and ten Berg."! 


At this point we wish to call attention to and to explain the reason for the use 
of the term “units” instead of “milligrams” to express the amount of coproporphyrin 
present. We had a spectrophotometer but did not then have the material with which 
to calibrate it for the determination. An absorption ratio for coproporphyrin I] 
from the literature, which might or might not agree with one determined on our 
own instrument, was used. We realize that the method is open to criticism, but it did 
give a means of following closely variations in the excretion of coproporphyrin ITI 
and, at the same time, provided data from which units may be recalculated and 
expressed as milligrams when material is available for the standardization of our 
spectrophotometer. 


* References 2 to 7. 
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REPORT OF CASES 


Case 1 (Fig. 1; Table 1).—My first case, W. K., observed and treated at Columbia Hospi- 
tal, in Milwaukee, from Feb. 17 to March 8, 1952, was a worker from the northern part of 
Wisconsin who developed heavy lead absorption. He had been cutting lead-painted steel in cargo 
holds of ships, using an acetylene torch from Dec. 6, 1951, to Feb. 5, 1952, a period of two 
months, with no respirator or suction protection. This exposure was to inhalation of an intense 
concentration of finely divided lead fume brought about by the high temperature of the cutting 
torch. After a month of such exposure the worker developed abdominal distress and constipa- 
tion, though this was not disabling for another month. 


= 
= 


= 


Deys 123.4 5 © 7 8 10 18 13 14 15 16 17 
Fig. 1 (Case 1, W. K.).—Urinary lead excretion in milligrams following treatment with 


edathamil calcium-disodium (Versene) in heavy lead absorption with subsiding lead intoxication, 
lead colic type; this excretion is correlated with units of urinary coproporphyrin. 


When first seen by me, the patient had a marked lead line opposite 12 teeth, no extensor 
weakness, and no anemia, but 50 stippled cells per 50 fields. I started him on the dose of 
edathamil calcium-disodium which was at that time generally agreed upon as being both safe and 
effective. He was given intravenously 5 cc., or 1 gm., of edathamil calcium-disodium diluted in 
250 cc. of 5% dextrose in distilled water twice a day for five days, followed by a rest period of 


two days, with resumption of the five-day course, then another period of rest for two days, and, 
finally, a course of four days as before. In his case, after the first day's course of treatment the 
urinary excretion of lead was increased to a total of 6.8 mg. for the 24 hours. The copropor- 
phyrin dropped during the first course of treatment from 290 to 60 units. 
somewhat lower, peak of excretion was seen with the second and the third courses of treatment. 
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The man himself had no symptoms or abnormal signs of any kind, either locally in the 
course of intravenous treatment or remotely, as far as we could tell from following him closely 
with a rather complete blood chemistry profile, electrocardiogram, bone marrow study, and 
hlood and stippled cell count. 


TasLe 1—Treatment of Inorganic Lead Intoxication with Edathamil Calctum-Disodium 
Case 1, W. K. 


Edathamil 
Caleium 
Hemoglobin, Stippled Disodium, Urine, Urine Units 
(im. per Cells Rx in Gin Mg. Pb Porphyrin, 
100 Ce (50 Fields) “Hr Hr. 
6.800 
6.400 
3.746 
3.120 
3.200 
2.340 
0.330 
(123 
3.717 
2.214 
368 
2406 
2.709 
0.700 
2.29% 
2.074 


2.20 


2/25/52...... 

2/28/52... 

2/29/52..... 


Total.... 


Fig. 2 (Case 2, W. O. R.).—Urinary lead excretion in milligrams following treatment with 


edathamil calcium-disodium during two hospital admissions; this excretion is correlated with 
units of urinary coproporphyrin. 


The blood chemistry determinations included NPN, sugar, potassium, sodium, total protein, 
albumin-globulin ratio, chlorides, and COs. Routine urinalyses showed no development of any 


abnormalities, such as sugar, albumin, or positive microscopic findings, in 12 routine urinalyses 
done during the period of study. 
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Hemogiobin, in this case, was never very low, being only 75% at first, with RBC of 4,470,000 
soon after admission, but rising to 99% and 4,900,000, respectively, on the day of discharge, while 
WBC varied from 5,000 to 7,000. Stippled cells varied somewhat from day to day, reaching 


Taste 2,—Treatment of Inorganic Lead Intoxication with Edathamil Calcium-Disodium 
Case 


Edathamil 
Caleium- 
Hemoglobin, Stippled Disodium, Urine, Crine Units 
Gm, per Cells Rx in Gin Mg. Pb Porphyrin, 

Date 100 Ce, (50 Fields) 24 Hr. 24 Hr. 
1/24/52 12.0 171 0 0.070 one 
1/31/52.. 9.3 35 2.700 41 
2/ 1/52 ‘ 114 7 1 11.130 46 
2 2 11.3 165 15 4.656 3s 
2/ 3/52 3.126 44 
2/ 4/52 97 37 Rest 1.128 29 
2/ 6/82 12.0 5 2 3.072 45 
2/ 8/52 3 2.980 36 
2/ 9/52 10.8 3 2 No specimen aa 
2/10/52 2 3.006 Buu 
2/11/52 Rest 0.990 46 
2/12/52. 115 Rest 27 
2/13/52 7 2 1.6 21 
2/14/52 4 2 2200 46 
2/15/52 12.5 3 2 1.230 39 
2/16/52 1 0 1.200 29 
2/17/52 0.176 31 
2/18/52 4 0 ONT 30 
6/16/52 1.0 72 0.322 103 
6/17/52 0 0.050 130 

6/19/52 11.7 $7 Tablet 0.5 

6/20/52 10.8 ” 4 1.513 10 
6/21/52 12.0 11s 2 O62 167 
6/22/52 as 1.5 1.446 202 
6/23/52 11.0 > 1.452 
6/25/52 10.5 0 0.923 305 
6/27/52 10.8 123 
6/28/52 0.517 Is] 
6/29/52 15 0.548 
6/30/52 10.5 2 
7/ 1/82.. 15 71 2 2.058 47 
7/ 2/32 10.5 33 2.080) 130 
7/ 3/52 11.0 22 2 1.460 
7/ 4/52 2 1.368 
7/ 6/82.. 1S 18 oo 
7/ 6/32 0 0.004 43 
7/ 7/m 11.7 ” 0 0.080 43 


157 per 50 fields on the 4th day of treatment and 88 on the 8th day of treatment, dropping gradu- 
ally thereafter to 9 on the day of discharge, the 14th day of treatment. At that time, also, the 
patient had only a faint lead line opposite six teeth. 

A total of 25 gm. of edathamil calcium-disodium was given in this period during all three 
courses, Seven weeks later, when this patient was seen by his family doctor, the physician 
reported to me that the patient had 17.gm. per 100 ce. of hemoglobin, 5,740,000 red cells, and no 
stippled cells, and that he was without symptoms. 

Six other cases of heavy lead absorption were studied in the hospital, with 
essentially the same treatment routine and under the same control and giving the 
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same results. Two really fall in the class of the case (W. K.) just described— 
heavy lead absorption with subsiding lead intoxication, lead colic type. 


Case 2 (Fig. 2; Table 2) —W. O. R. was first seen by me on July 14, 1951, at the County 
Hospital, with a history of having been there for two weeks, completely disoriented and com- 
plaining only of headache. This condition was later diagnosed as lead encephalopathy. Because 
the man gave a very vague history of having operated a waste-paper press in a junk shop, no 
occupational connection was at first elicited. However, as time went on and the man became 
somewhat clearer mentally on general upbuilding therapy, both he and his wife responded suf- 
ficiently to the questions of an alert resident. They finally stated that the paper he had been 
working upon had been heavily contaminated with lead arsenate and other lead compounds. As 
he jumped up and down on the paper to pack it into the press, a great deal of dust was evolved. 
Neither the man nor his employer, however, knew at the time that lead dust was being evolved 
or really that there was any danger from lead in any form. Therefore, no respirator or suction 
was provided from Feb. 13 to July 1, 1951, a period of about four and one-half months. At the 
County Hospital it was found that the spinal fluid was negative except for increased pressure 
and protein. 

When I first saw the patient, on July 14, at the request of the County Hospital resident staff, 
| found that he had a marked lead line opposite 12 teeth, no extensor weakness, hemoglobin of 
58%, a stippled cell count of 209 per 50 fields, with RBC of 3,660,000. Urine porphyrin was 3+. 
At that time I made a diagnosis of heavy lead absorption, with subsiding lead encephalopathy, 
together with lead anemia. 

From July 1 to Oct. 1, 1951, over a period of three months, the patient was given tonics. At 
the end of that time there was only a 2 + lead line remaining ; hemoglobin was 85% ; RBC count, 
4,250,000, with 3 stippled cells per 50 fields, and the urinary porphyrin was negative. 

Without my knowledge this man was again exposed to the same occupational hazard of 
lead inhalation in packing lead-contaminated paper into the junk-shop press from Oct. 1, 1951, 
when I had released him from treatment, until Jan. 17, 1952, a period of three and one-half 
months. At the end of that time I saw him at home, complaining of pain in the right elbow, as 
well as in the abdomen. He had a faint 2+ lead line, hemoglobin of 80%, RBC of 3,970,000, 
with 24 stippled cells, and a urine with a 1+ porphyrin reaction. 

On Jan. 18, 1952, the patient was admitted for the first time to Columbia Hospital, where 
he remained for approximately one month, until Feb. 20, 1952. At first he was given calcium 
gluconate intravenously, with prompt relief of symptoms of abdominal distress, in accordance 
with the older form of treatment. Stippled cells, however, rose to 171 per 50 fields and did not 
drop; so he was started on administration of edathamil calcium-disodium intravenously. Though 
the lead line had seemed to improve somewhat on the calcium gluconate, it continued to improve 
even more rapidly on the edathamil calcium-disodium, so that the gum lead line had practically 
disappeared when he left the hospital, on Feb, 20. At that time the stippled cells were 4 per 
50 fields ; hemoglobin, 12.5 gm. per 100 cc.; RBC, 4,160,000, and the porphyrin, 30.92 units. 

Urine tests showed 11.1 mg. of lead per 24 hours on the first day of the first course of treat- 
ment with edathamil calcium-disodium, then dropped gradually. 

The urine lead excretion spiked again with the resumption of the second and third courses 
of treatment, rising to 4.4 and 2.2 mg., respectively, and finally dropping to 0.1 mg. per 24 hours 
after the third course. 

The patient received a total of 25 gm. of edathamil calcium-disodium during this stay. He 
had no untoward symptoms at any time from the treatment, and all the other studies described 
with the first case were repeated and found to be normal. 

After leaving Columbia Hospital on Feb. 20, the patient (W. O. R.), unfortunately, returned 
to reexposure for the second time, against advice and without my knowledge. This was simply 
because he felt he had no other place to go to work. He worked again this time for six weeks, 
trom the end of April to June 10, when his second Columbia Hospital admission was necessi- 
tated by recurrence of abdominal lead colic. This was relieved by one intravenous treatment 
with calcium gluconate because the attack was much less severe. This time he had only a faint 
lead line and 17 stippled cells per 50 fields. 
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Nine days after the second admission to Columbia Hospital, the patient was started on eda- 
thamil calcium-disodium given orally in tablet form; he received 2 gm. daily or a total of 
16 gm. from June 19 to July 4. During this period the stippled cells per 50 fields rose at times 
to 72, to 145, and once to 248, one week after this treatment was started, dropping to 13 on the 
day treatment was discontinued and to 2 one week later, when the patient was discharged from 
the hospital. He then had a faint lead line opposite one tooth. 

The patient had received 16 gm. of edathamil calcium-disodium in tablet form, followed by 
7 gm. administered intravenously the last three days of treatment, from July 1 to July 4, 
inclusive. The 24-hour urine lead value definitely increased, though to a much less extent than 
when intravenously administered edathamil calcium-disodium had been given previously; it was 
also less than the amount of lead produced by the final short course of three days with intra- 
venously administered edathamil calcium-disodium (Table 2). 

Observation of the patient for another week revealed that the urine lead had again dropped 


to the very low levels of 0.08 mg. per 24 hours observed before initial edathamil calcium- 
disodium treatment. 
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Fig. 3 (Case 3, W. R.).—Urinary lead excretion in milligrams following treatment with 
edathamil calcium-disodium during two hospital admissions; this excretion is correlated with 
units of urinary coproporphyrin. 


When last seen on Oct. 28, 1952, four months later, the patient was feeling fine, with no 
symptoms of any kind. He had no lead line, no stippled cells, and no urinary porphyrin. Hemo- 
globin was 92%; RBC, 4,310,000, and routine urinalysis was negative. He was planning to 
return to work on Noy. 1, 1952, having recovered entirely, without any residual, from his lead 
encephalopathy and two recurrences of lead colic. 


Blood chemistry and bone marrow findings 
were normal. 


Case 3 (Fig. 3; Table 3).—The next case of heavy absorption with subsiding lead intoxica- 
tion, lead colic type, was that of W. R., who had been working as a brass metal pourer and 
pot skimmer in a brass foundry for four years without any respirator or adequate local ventila- 
tion. The patient, in fact, had no symptoms when I first saw him, on April 3, 1952, but was 
referred to me because of an anemia for which his family physician had been treating him with 
iron injections. 

At this time I found a marked lead line present in the gums opposite nine teeth. There was 
no extensor weakness; hemoglobin was 65% ; RBC, 3,450,000, and there were 194 stippled cells 
per 50 fields, while urine porphyrin was 32 units. Four days later, on April 7, I admitted him 
to Columbia Hospital, where he remained until May 6. 
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During this, the first, hospital admission the patient received 2 gm. a day, or a total of 
30 gm. of edathamil calcium-disodium given in three courses in the usual manner. At no time 
did he have any untoward symptoms. Blood chemistry and special findings were negative 
except for the fact that the patient apparently developed a transient bone marrow depression 
after the first course of treatment. This, however, had disappeared two weeks later when 


Taste 3.—Treatment of inorganic Lead Intoxication with Edathamil Calcium-Disodium 
Case 3, W. R. 


Edathamil 
Calcium 
Hemoglobin, Stippled Disodium, L rine, Urine Units 
(im, per Cells Rx in Gm Me. Pb Porphyrin, 
100 Ce, (50 Fields) “4 
14 
98 195 2 | 
10.7 43 6.950 
11.8 36 6.220 
11.3 53 3 3.400 
11.7 75 2 14 
11.0 2.838 
11.0 Rest O.139 
12.5 Rest 0.553 
13.0 2 3.570 
11.2 
12.8 { q 0.980 
12.8 0.739 
13.5 
rer Rest 0400 
13.0 Rest 0.076 
12.5 2 2 OAT 
13.2 4 0.0438 
13.2 : 2 O.0P5 
13.4 2 
13.5 2 No specimen 
Rest, 7 wk 
1474 
1.03 
Rest 437 
Rest 
2 
2 0.125 
Rest O.040 


ONS 


rechecked. It is noteworthy that the hemoglobin in peripheral blood during this period steadily 
increased from 62 to 86% and red cells from 3,940,000 to 4,380,000, while the white cell count 
remained between 6,000 and 7,000. 

There was the usual sharp rise of urinary lead excretion in the first day or two after treat- 
ment, which tapered off after the third course of treatment. The porphyrin followed the same 
course. 

The stippled cells dropped off with the beginning of the first course of treatment but then 
rose to 951 per 50 fields at the end of the first course of treatment. By the end of the third 
course of treatment they had dropped to 15. 
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Date 
4/ 3/52.. . 
4/ 7/52 
4/ 8/52. 
> 4/ 9/52 
4/10/52. 
4/11/52 
4/12/52. 
4/13/52. 
4/14/52 
4/15/52 
4/16/52. 
4/17/52 
4/18/52 
4/19/52 
4/20/52 
4/21/52 
4/22/52 
4/23/52 
4/24/52 
4/25/52 
4/27/52 to 
6/18/52 
6/19/52 
6/20/52 
6/21/52 
6/22/52 
6/23/52 
6/24/52 
6/25/52 
6/96/52 
6/27/52 
6/28, 52 
6/29/52 
2/52 WS 2 ” oes 
Total.. 
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The patient was brought into Columbia Hospital the second time from June 16 to July 2, 
1952, for a second course of deleading, though he was feeling very well. He still had a faint 


lead line opposite eight teeth, no extensor weakness, and only one stippled cell per 50 fields, with 
hemoglobin of 72%. > 


During this second admis#ion the patient was given a total of 18 gm. of edathamil calcium- 
disodium intravenously, but his observation was interrupted somewhat by the fact that he stayed 
out part of the night, or all of the night frequently, on alcoholic debauches. This may have 
accounted for the fact that on this second course his excretion of lead was somewhat less than 


at first, though definitely much more than would have occurred without the edathamil calcium- 
disodium. 
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Fig. 4 (Case 4, G. B.)—Urinary lead excretion in milligrams following treatment with 


edathamil calcium-disodium in acute lead intoxication, lead colic type; this excretion is correlated 
with units of urinary coproporphyrin. 


When last seen, on Dec. 15, 1952, this patient had been working since Oct. 14 in the yard on 
general labor. He was feeling very well and had reduced his alcohol intake remarkably. No 
lead line and no stippled cells had been seen since Oct. 14. The final hemoglobin value was 
88% ; RBC, 4,220,000, WBC, 8,850. Final bone marrow studies showed no abnormality, and no 
porphyrin was found in the urine. These results are in contrast to the original findings of eight 


months before, when the patient had hemoglobin of 64%, RBC of 3,060,000, 194 stippled cells 
per 50 fields, 44- porphyrin, and a lead line of the gums opposite nine teeth. 


Aside from these three cases of heavy lead absorption with subsiding lead intoxi- 
cation, | saw two more patients with true lead intoxication of acute lead colic type, 
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both of them from two different storage-battery companies, where their exposure, 
though short, had been excessive. One case was due to the failure of the man to 
use the positive-pressure air-line equipment supplied him. The other was due to 
interruption of engineering protection because of installation of new machinery. 
The first patient, G. B., and the other, H. L., both received preliminary courses 
of edathamil calcium-disodium administered intravenously. While it increased 
urinary lead excretion markedly, as in the other cases, it did not relieve the lead 
colic immediately. Therefore, in both cases the edathamil caleium-disodium was 
supplemented by calcium gluconate given intravenously in alternate doses two 
hours after the administration of edathamil calcium-disodium, and this did give 
immediate pain relief. 

Case 4 (Fig. 4; Table 4) —G. B., aged 21, the first case of acute lead intoxication, lead colic 
type, was by occupation a pasting-machine helper in a storage-battery plant. He worked from 


4.—T reatment of Inorganic Lead Intoxication with Edathamil Calcium-Disodium 
Case 4, G. B. 


Edathamil 
Caleium- 


Hemoglobin, Stippled Disodium, Urine, Urine Units 
Gm. per Cells Rx in Gin, Mg. Pb Porphyrin, 
Date 100 Ce. (50 Fields) 


10 1 1.330 44 
10 13.8 2 4.198 
10/2 0 0.302 
10/22/58 2 0.09 

O172 


July 30 to Oct. 12, 1953, a period of two and one-half months, using an air-line respirator, though 
rather carelessly. At the end of that time he developed vague abdominal distress with constipa- 
tion. This was sufficient to disable him. 

Physical examination showed no abnormality, not even a lead line, and no extensor weakness. 
Blood pressure was 142/100. 

Laboratory studies showed a moderate secondary anemia, with hemoglobin of 12:5 gm. per 
100 cc. and 16 stippled cells per 50 fields, together with 3 4 porphyrin in the urine. 

This patient was in the hospital from Oct. 12 to Oct. 24, 1953. While there he was given 
calcium gluconate intravenously to relieve abdominal distress, alternately with intravenously 
administered edathamil calcium-disodium, because the latter did not give complete relief of 
abdominal distress. Blood chemistry, gastrointestinal x-rays, electrocardiogram, and bone mar- 
row studies were all normal before and after treatment. 

On the second day of treatment, the patient reached the peak of his 24-hour excretion of 
approximately 5.7 mg. of lead. His urinary porphyrin, which had been 150 units just before treat- 
ment, dropped to a normal reading after the second day of treatment and remained there. Stippled 
cells also dropped from 39 to 3 per 50 fields, during the five-day treatment. 

The patient was given 2 gm. of edathamil calcium-disodium intravenously the first, second, 
and last days of his five days of treatment, but only 1 gm. on the third and the fourth day, or a 
total of 8 gm. 

Case 5 (Fig. 5; Table 5) —The second case of acute lead intoxication, lead colic type, treated 
with edathamil calcium-disodium was that of a young man, H. L., aged 29, a paste mixer in 
another storage-battery plant. He had a sudden increase of lead exposure following the installa- 
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Mig. 5 (Case 5, H. L.).—Urinary lead excretion in milligrams following treatment with 
edathamil calcium-disodium in acute lead intoxication, lead colic type; this excretion is correlated 
with units of urinary coproporphyrin. 


Taste 5.—Treatment of Inorganic Lead Intoxication with Edathamil Calcium-Disodium 


Case 5, Hi L. 


Edathamil 
Caleium- 
Hemoglobin,  Stippled Disodium, Urine, Urine Units 
Gm, per Cells Rx in Gm. Me. Pb Porphyrin, 
Date 100 Ce. (50 Fields) EY. 4 Hr. 


10/ 7/538... 

10/ 8/53... 

10/ 9/58 
10/10/68...... 
10/11/58 
10/12/53....... 
10/18/58... 
10/14/58........ 
10/15/58.......... 
10/16/58 
10/17/58... 
10/18/53... 
10/19/53... 
10/20/58............. 
10/21/58............ 
10/22/58 
10/28/58... 

10/24/58 


705 
361 
404 
341 


= 


1.050 
0.228 
2.430 
2.900 
1.479 
2.180 
1.145 
0.731 


Te. 
20, 
10 
' ‘ 
‘ ‘ ‘ ‘ 
130 ‘ ‘ 
‘ 
‘ ‘ ; 
‘ ' ‘ 
‘ ‘ 
‘ 
‘ ‘ 
78 8 ' 
‘ 
50 
‘ 
‘ 
30. 
28 : 
10 
10.5 152 | 20.88 
11.0 232 | 8.170 
17 2 6.380 126 
13.5 41 2 4.180 131 
18 2 63 
37 2 30 
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tion of new mixing machinery. He had been working only from Aug. 6, but from Sept. 17 to 
Oct. 7, 1953, a period of 20 days, or nearly three weeks, the last two weeks of which were 10 
hours a day seven day a week, he had been without protection under heavy exposure. 

The last 10 days before he became disabled he had had severe lower abdominal distress asso- 
ciated with constipation; this was mach worse the day before hospital admission, on Oct. 7, 1953. 

When the patient was seen at his home on Oct. 7, 1953, he had a lead line of the gums opposite 
six teeth, 150 stippled cells per 50 fields, and 720 units of porphyrin. He was given three five-day 
courses of edathamil calcium-disodium administered intravenously, with two-day rest periods 
between, usually receiving 2 gm. of edathamil calcium-disodium in each daily dose, or a total of 
29 gm. for the entire course. The first day of treatment the patient had a 24-hour excretion of 
20.88 mg. of lead, while the coproporphyrin excretion dropped to 375 units after the first five 
days of edathamil calcium-disodium treatment. 

There was a second peak, of 8.8 mg., of lead urinary excretion per 24 hours during the first 
day of the second course of treatment. In the third course the peak of excretion dropped to a 
level of 2.4 mg. of lead during the first day of treatment. The lead excretion in 24 hours had 
dropped to 0.73 mg. before the patient was discharged from the hospital, on Oct. 28, 1953, four 
days after his final course of treatment was completed. 
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Fig. 6 (Case 6, W. Ro.).—Urinary lead excretion in milligrams following therapeutic test of 
edathamil calcium-disodium as a deleading agent in lead absorption, lead anemia type; this 
excretion is correlated with units of urinary coproporphyrin. 


It is noteworthy that this patient with severe lead colic had to receive several doses of caleium 
gluconate intravenously in order to keep his abdominal distress under control, even when given 
alternately with the intravenously administered edathamil calcium-disodium. Not only was this 
man’s lead colic not relieved by the edathamil calcium-disodium alone, but the patient was sure 
that it was made somewhat worse by the edathamil calcium-disodium, so that the calcium glu- 
conate had to be given several times to give relief. 

The man’s stippled cells rose to 230, from an initial 150 stippled cells per 50 fields, on the 
third day of treatment, then dropped by degrees until they were only 4 the day after the third 
course of treatment had been completed. At that time the hemoglobin had also risen from 10.5 
to 14.2 gm. per 100 cc., and the lead line had practically disappeared. 

Bone marrow was normal immediately after edathamil calcium-disodium treatment and also 
five months later, when the patient was feeling well but was called in for final recheck. 


In two more cases, edathamil calcium-disodium was used to treat heavy lead 
absorption, though without actual disabling lead intoxication. This drug was found 
to be a very effective therapeutic deleading agent while these two cases were studied 
in the hospital. 
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Case 6 (Fig. 6; Table 6).—The first of these cases, W. Ro., a man aged 56, by occupation 2 
filer on lead-pasted bronze bearings, had worked two days, from April 28 to April 30, 1952, with 
no suction at all on the filing operation. This filing operation was so dusty that the man’s face 
became covered with black lead dust within a few seconds after he started filing off the excess 
lead paste plugged into the bearings. This point of lead exposure had been a source of such 
heavy lead absorption that I was told it had caused the death from lead encephalopathy of a 
previous worker before I was called to investigate this particular hazard. 


Taste 6.—Treatment of Inorganic Lead Intoxication with Edathamil Calcium-Disodium 
Case 6, W. Ro. 


Edathamil 
Caleium- 
Hemoglobin, Stippled Disodium, Urine, Urine Units 
Gm. per Cells Rx in Gin. Mg. Pb Porphyrin, 
100 Ce, (50 Fields) 24 Hr. 24. Hr. 
9.5 27 0 0.099 74 
9.8 0 6.110 87 
10.8 85 0 0.094 135 
9.8 13 0 0.239 109 
10.7 33 12 3.220 135 
10.8 3 2 3.597 90 
10.2 4 2 3.260 82 
10.3 1 2 2.960 73 
ones ee 2 2.390 
114 2 Rest 0.316 60 
10.8 4 Rest 0.295 68 
112 1 2 2.030 70 
10.0 1 2 2.399 63 
10/20 11.0 1 Rest 0.699 63 
10/21 11.7 0 Rest 0.222 62 
10/22 11.0 1 2 1.755 O4 
10/23/ 10.8 0 2 1.328 69 
10/24/52. 10.8 0 0 0.650 75 
10/25/52 11.3 0 2 1.845 103 
10/26 Jets 2 1,080 69 
10/27/5 11.3 0 0 0.152 53 
10/28 11.7 0 0 0.106 59 
10/2 10.6 0 0 0.141 7 
12/21/52 9.5 0 0 0.068 


When I first saw W. Ro., on May 16, 1952, he had been working for two weeks with sup- 
posedly good suction. At that time his hemoglobin was 85%, there were no stippled cells found, 
and urine tests were low for lead absorption, showing only 0.1 mg. per 24 hours. No determina- 
tion of lead line of the gums was possible, as all teeth were false. 

The patient was not sent into me again for a recheck until September, 1952, three and one- 
half months later; during this period he had been working on dressing and filing at the same 
occupation, with supposedly good suction but not using any respirator. His only complaint ther, 
was an occasional dull pain in the region of his stomach without any associated constipation, 

Laboratory studies at this time, after a total exposure of about four months, showed 27 
stippled cells per 50 fields, a hemoglobin of 60%, and a red cell count of 3,500,000. Arrange- 
ments were made for stomach x-ray the next day, but for some reason the patient did not report 
for this study until Oct. 2, a month later. At that time he was complaining of weakness and leg 
cramps, chills, and night sweats. He then had 75 stippled cells per 50 fields and a hemoglobin 
of 9.7 gm. per 100 ce. His urine showed only 0.1 mg. of lead per liter. 
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Though the man had no real symptoms of lead colic, he was started on edathamil calcium- 
disodium on Oct. 8, 1952, as a therapeutic test. This was given intravenously in the usual manner, 
2 gm. a day for five days, with a two-day rest period for three courses, totaling 27.2 gm. The urine 
lead excretion on the second day of the first course reached 3.6 mg., but it was only 2.4 mg. and 
1.75 mg., respectively, on the second and third courses. The porphyrin dropped from 135 to 75 
units. 

Blood chemistry was normal, and bone marrow studies showed a normocytic, normochromic 
anemia, which showed a transient suppression of erythropoiesis, though less than for W. R. 
(Case 3). 

A month after the edathamil calcium-disodium treatment was started, the patient’s chest x-ray 
was taken. It showed evidence of old chronic fibroid pulmonary tuberculosis, moderately advanced, 
but the sputum and gastric washings were negative for tubercle bacilli. 

By Dec. 29, 1952, the blood count was so improved that hemoglobin was 74% ; RBC, 4,800,000, 
and WBC, 8,250, and only 1 stippled cell per 50 fields was seen. I therefore certified that the 
patient was able to return to work as of Jan. 24, 1953. On Feb. 3, 1953, the hemoglobin was 
94% and WBC 8,100, and no stippled cells were found. 

Chest x-rays were then the same as they had been three months before, indicating no progress 
of the apparently stationary pulmonary tuberculosis. 


Doys 123 12 


Fig. 7 (Case 7, J. W.).—Urinary lead excretion in milligrams following therapeutic test of 
edathamil calcium-disodium as a deleading agent; this excretion is correlated with units of 
urinary coproporphyrin. 


Final diagnosis was made as follows: (1) lead absorption, cured; (2) lead anemia, cured ; 
(3) chronic fibroid pulmonary tuberculosis, inactive, and (4) no disability on the basis of an 
occupational disease after January, 1953. 

When the patient was last seen on Feb. 24, 1953, his hemoglobin was 96% ; RBC, 5,300,000, 
and WBC, 6,900, and only 1 stippled cell per 50 fields was seen. There was no evidence then of 
residual anemia due to lead intoxication. Thus, five months after the first three weeks of treat- 
ment, this patient's marked anemia was entirely cured, stippled cells had disappeared, and no 
porphyrin was found in the urine. Having followed the man closely by x-rays and gastric wash- 
ings also, we were sure that his old fibroid tuberculosis had not been reactivated or unfavorably 
influenced by the fairly heavy lead absorption and effective treatment by edathamil calcium- 
disodium. 

Even though this man did not fall directly into any of the major types of lead intoxication, 
namely, lead colic, palsy, or encephalopathy, we felt that we were justified in treating him as a 
case of lead absorption, lead anemia type, in order to rid him of considerable stored lead, which 
might otherwise have precipitated severe disability from one of the three main types of lead 
intoxication. 

Case 7 (Fig. 7; Table 7).--Another man, J. W., in this last group of cases was treated on a 
therapeutic test basis with edathamil calctum-disodium. His age was 51, and he had been a 
welder repairing lead exhaust pipes, heavily contaminated with lead dust, in a lead smelter from 
July to September, 1952. He was first seen by me on Feb. 11, 1954. At that time he gave a 
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history of having been disabled with lead colic a year before. He had received treatment from 
other physicians for the same condition from August, 1952, to March, 1953, a period of about 
six months. In the interval thereafter he had had rather intermittent and unspecific treatment, 
including the ingestion of many calcium pills. 

Two weeks before I saw him, on Feb. 11, 1954, he developed constipation and generalized 
abdominal distress, as well as generalized muscle distress. At that time his physical examination 
was negative, and again false teeth prevented lead line findings. There were only 2 stippled cells 
per 50 fields, and the hemoglobin was 13 gm. per 100 cc., or 83%. A pretreatment 24-hour urine 
on Feb, 12 showed 0.15 mg. of lead excreted. There were then only 50 units of porphyrin in the 
urine. 

Two days after admission to the hospital, this patient was started on a series of intravenous 
treatments with edathamil calcium-disodium for periods of two days with 2 gm. a day, alter- 


Tas_e 7.—Treatment of Inorganic Lead Intoxication with Edathamil Calcium-Disodium 
Case 7, J. W. 


Edathamil 
Calecium- 
Hemoglobin, — Disodium, Urine, Urine Units 
Gm. per Cells Rx in Gm. Mg. Pb Porphyrin, 
100 Ce. (50 Fields) eV: H 


9 


Rest, 5 days 
9 


9 


Rest, 8 days 


Fig. 8 (R. W.).—Results of administering edathamil calcium-disodium in studying urinary 
lead and coproporphyrin excretion in a control. 


nating with rest periods of five days to two weeks. On the second day of the first course his 24- 
hour urine lead excretion rose to 2.69 mg.; on the second day of the second course, to 2.35 mg., 
and on both days of the third course, to 1.3 mg. 
Stippled cells varied 1 to 4 per 50 fields and hemoglobin from 13 to 14.5 gm. per 100 ce. 
At the end of the third course of treatment, the patient had no complaints, and he was dis- 
missed as cured. 


Since these seven cases were studied under hospital observation, | was given 
the opportunity, with the cooperation of Dr. Belfus, of Milwaukee, of studying the 
record of his private patient, who proved to be an excellent control (Fig. 8) for 
the use of edathamil calcium-disodium in relation to urinary lead excretion and 
porphyrin excretion. This man had an unusual type of unexplained porphyria 
and had never had any real lead exposure. As a therapeutic test, he, too, was 
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given treatment with edathamil calcium-disodium intravenously to see whether 
he might have a latent or occult lead absorption. It was interesting that there was 
no increase in the lead exeretion. It remained normal. The effect on the porphyrinuria 
was also not noticeable, in contrast to my seven cases, in which porphyrinuria had 
obviously been due to heavy lead absorption. 

Edathamil calcium-disodium treatment of peripheral lead neuritis, or lead palsy, 
if started early, may possibly be of help. Though this neuritis has seemed to be 
somewhat of an irreversible reaction, it has been known for years that function 
may return to lead-palsied extremities after as long a time as two or three years. 
While | have seen several lead palsy cases, | never had the opportunity of treating 
them with edathamil calcium-disodium. | have also had no experience in treating 
lead encephalopathy cases, either children or adults. [dathamil calcium-disodium 
treatment of children with lead encephalopathy intravenously, and perhaps intra- 
muscularly, seems to give great promise, and there are a number of recent case 
reports which seem to confirm this hope.+ 


COMMENT 

My experience in treating seven cases of heavy lead absorption with intra- 
venously administered edathamil calcium-disodium, while hospitalized, leads me to 
emphasize what | consider to be four facts worthy of consideration. 

1. This new form of therapy is an excellent method of deleading, or increasing 
lead excretion in the urine anywhere from 5 to 10 to 20 times, with a definite peak 
of such excretion reached within the first 24 to 48 hours from the beginning of 
treatment. 


2. The edathamil calcium-disodium treatment given intravenously is not only 
effective but safe, with no real evidence of any untoward results, immediate or remote. 


3. It is remarkable that usually the porphyrin drops promptly soon after the 
edathamil caleium-disodium treatment is started, and often remains down. As Ruotolo 
and Elkins have brought out,'* this finding may be of great significance as an index 
of real reduction of any possible damage to the internal organs, such as the liver. 

4+. When the intravenous treatment with edathamil calcium-disodium is com- 
bined alternately with intravenous administration of calcium gluconate after an 
interval of two or more hours, no harm results. Moreover, there is immediate relief 
of pain. We also can be satisfied that the system has been rid of a considerable 
quantity of absorbed lead. 

sesides the above facts, which seem quite definite, the study of these seven cases 
suggests the following. 

1. The definite peak of urinary excretion occurring almost immediately within 
the first 24 to 48 hours after treatment with edathamil caleium-disodium and the 
sharp dropping off of this urinary lead excretion after two or three days in spite 
of continued treatment, together with the secondary peak of lead excretion occurring 
after a two- or three-day rest period, might well indicate that in the future we 
could, with advantage, treat initially for only two or three days with edathamil 
calcium-disodium administered intravenously, then rest five days. This is the 
reverse of the present regimen of five days’ treatment and two days’ rest. 


+ References 12 and 13. 
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2. Considering the marked rise of urinary lead excretion stimulated by a total 
daily dose of only 2 gm. of edathamil calcium-disodium, as noted in this series, 
compared with the results of from 3 to 4 gm. a day reported by others, it is sug- 
gested that the lower dose of 2 gm. and perhaps even 1 gm. a day may be practical. 
The lower dose would also seem safer in that it would tend to minimize the possi- 
bility of depleting the reserves of trace minerals, which others have postulated as 
occurring from this treatment. 

3. If coproporphyrin urinary excretion does not drop very promptly after intra- 
venous treatment with edathamil calcium-disodium, it may be that further deleading 
courses of edathamil calcium-disodium treatment should be instituted. Thus, we 
may find that porphyrin in the urine may be used as an index of the effectiveness 
of edathamil calcium-disodium in deleading or ridding the system of stored lead. 

4. Further, the close observation of the urinary lead excretion in one of these 
hospital cases suggests that possibly oral administration of edathamil calcium- 
disodium is somewhat effective, though, of course, to a much less degree than 
when edathamil calcium-disodium is given intravenously. 

Foreman,’® from his study with the C'-labeled edathamil calcium-disodium, 
found that after oral administration a maximum excretion of only 4+ to 5% was 
found in the urine and that with the oral treatment it was two to three days before 
the dose appeared in the excreta. 

Certainly, oral prophylactic treatment is still too experimental to be widely 
recommended, Above all, its reckless use, without proper medical control, and 
particularly its use as a substitute for adequate engineering protection of the worker, 
must be prevented, from the information now available. 


CONCLUSIONS 

Intravenously administered edathamil calcium-disodium is a very effective and 
apparently safe method of stimulating increased lead excretion in the urine, accord- 
ing to the experiences of one of us (KE. L. B.) in treating seven cases of heavy 
lead absorption. 

The peak of such excretion is reached within the first 24 to 48 hours from the 
beginning of treatment. 

The level of porphyrin in the urine usually drops within a few days after com- 
mencement of treatment with edathamil calcium-disodium and frequently remains 
down. 

Intravenous treatment with edathamil calcium-disodium does not give the prompt 
relief of lead colic which we expect within one-half hour with intravenously admin- 
istered calcium gluconate. 


Therefore, a combination of intravenously administered calcium gluconate in 
alternate doses with intravenously administered edathamil calcium-disodium is calcu- 
lated to give immediate pain relief, combined with a sharp reduction of circulating, 
and therefore potentially dangerous, lead. 


It is suggested that the most effective way to use edathamil calcium-disodium 
is to give it intravenously for only two or three days, alternating with a four- or 
five-day rest period, thus reversing the formerly recommended ratio of five days’ 
treatment to a two-day rest period. 
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Obituaries 


JAMES STEVENS SIMMONS, M.D. 
Born, June 7, 1890; Died, July 31, 1954 


With Medical Corps, United States Army, 1916-1946, 
rising to brigadier general 

Dean, Harvard School of Public Health, 1946-1954 

Member, American Medical Association Council on 
Industrial Health 


Brigadier General James Stevens Simmons, M. C., was his official name designa- 
tion. To his intimates and also his associates in and out of the military services, 
he was “Steve.” 


JAMES STEVENS SIMMONS, M.D. 
1890-1954 


A doctor in the regular Army, his life was dedicated especially to preventive 
medicine. He fully comprehended and accepted the responsibilities and opportuni- 
ties that went with his job, with respect not only to military personnel operating 
all over the world but also to the civilian populations of the areas where troops were 
working and fighting. Nor did he fail to consider the million civilian employees of the 
Army’s industrial establishments. There never was a greater sphere for the 
application of the principles of preventive medicine. 
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Steve was an accomplished administrator. He was a master of the art of select- 
ing associates and subordinates and of deputizing responsibility. Each.member of 
his staff knew that the “Boss” would back him up to the utmost. It was a joy to 
work with him. The Preventive Medical Service was, as he always claimed, a 
happy family. Everyone reflected his attitude of courtesy, tact, and helpfulness. 
Steve was always ready to swing into action to support a subordinate in dealing 
with a difficult situation. When, on occasion, he found he must swing the big 
stick, he could do it without leaving any aftermath of ill-feeling. Steve was soft 
spoken and always ready to listen to the opinions of his staff. He was a humoriul 


man, who could brighten a long conference with his artistic skill with pad and 
pencil. 


Of Steve it can be said that every officer who worked with him was a better man 
for having known him. 


A. J. Lanza, M. D. 
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Eprrep By Dr. CuristopHER H. Woop 


General 


TRANSACTIONS OF THE SIXTEENTH ANNUAL MEETING, AMERICAN CONFERENCE OF GOVERN- 
MENTAL INDUSTRIAL HyGIENIsts, Cuicaco, Aprit 24-27, 1954. Josern E. FLANAGAN Jr., 
Occupational Health Program, Division of Special Health Services, Public Health Service, 
U. S. Department of Health, Education, and Welfare, 1954. 


The annual meeting of the American Conference of Governmental Industrial Hygienists was 
held just prior to and jointly with the Industrial Health Conference. Two talks were presented 
at an A. C. G. I. H. session: “Motivation of Government Industrial Hygienists,” by Dr. Irving 
R. Tabershaw, and “What Practical Measures Can State and Local Health Agencies Take to 
Stimulate In-Plant Health Services for Workers,” by Dr. Kenneth E. Backeeson. One joint 
session was held with the American Industrial Hygiene Association at which A. C. G. I. H. mem- 
bers contributed four talks, which are reprinted in the aforementioned transactions. These papers 
are as follows: “What is Needed in Industrial Hygiene Instrumentation,” by Alfred N. Setter- 
lind; “How to Select Radiation Instruments,” by Donald E. Van Farowe; “Threshold Limits of 
Organic Vapors,” by Allen D. Coleman, and “Present Status of M. A. C. of Gases,” by Dr. H. 
F. Stokinger. 


Among the committee reports presented in the Transactions is that of the Committee on 
Threshold Limits; this report suggests changing the M. A. C. value of nickel carbonyl from 


1.0 to 0.001 ppm and that of ozone from 1.0 to 0.1 ppm and suggests that “oxides of nitrogen” 
be deleted and nitrogen dioxide 5 ppm be added. Tentative M. A. C. values of 37 materials are 
given, and the complete accepted M. A. C. table of gases and vapors, of toxic dusts, fumes, and 


mists, and of mineral dusts is given. W. 


BEARING OF EXPERIMENTAL PsyCHOLOGY UPON HUMAN SKILLED PERFORMANCE. SIR 
Freperic Bariett, Med. depor. y trab. 18:720-734, 1953. 


In this clear and informative paper the author (1) outlines and interprets the research on 
human skilled performance carried out at the Psychological Laboratories at Cambridge University 
over the past 15 years, (2) demonstrates that skilled performance can and must be studied in 
its natural setting, and (3) advocates the study of skill in industry by qualified psychologists as 
an essential part of industrial medicine. 

These studies began with a recognition that traditional psychology had contributed but little 
in understanding the problems in skilled performance in terms of simple functions such as psycho- 
motor reaction times. It was necessary rather to “get inside” the skill, to relate over-all measures 
with the ways in which the internal constituents of skill were being carried out. 

At the outset of the now-famous “Cambridge cockpit studies” on the effects of fatigue in 
aircrews, it became apparent that timing and spacing were highly significant aspects of skilled 
performance and that the design of the perceptual “display,” from which the operator takes cues 
for action or decision, was of great importance. The rate at which signals succeed each other and 
their order and arrangement were found to have a great deal to do with how well they can be 
anticipated, how fast and accurately responses can be carried out, and how much of the signal 
stream will be effective. Of importance too were various external conditions, such as environ- 
mental stress, which resulted in marked changes in the way skills were utilized when certain 
limits were exceeded. 

These concepts and techniques have been applied to the changes in skill with age. Laboratory 
and field studies both show that, as age increases, the timing of responses suffers most, and unless 
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compensated by a more “canny” use of signals from the display, any necessity for speed affects 
performance adversely. Thus having to react to new stimulus pattern offers the greatest difficulty 
to the aging worker, and new tasks may require specially designed training. ' 

The author believes that sufficient is now known of the key features of skilled performance 
so that the study of skill in industry by qualified experimental psychologists has a place in 
industrial medicine equally as important as the control of health hazards in maintaining efficiency, 


in reducing fatigue, < i ve accide . 
g fatigue, and in preventing accidents Ross A. McFanuann, Boston 


Physiology and Nutrition 


ANTICHOLINESTERASES: INHIBITION OF CHOLINESTERASE BY OrRGANO-PHosPHORUS CoM 
POUNDS AND REVERSAL OF THIS REACTION: MECHANISMS INVOLVED. W. N. ALDRIDGE, 
Chem. & Indust. 31:473 (April 24) 1954. 


Cholinesterase is inhibited by organophosphorus compounds by being phosphorylated near its 
active center. Reversal of this inhibition occurs as the inhibitor is hydrolyzed. In this reversal, 
the inhibitor appears to be a substrate for the enzyme, in a reaction similar to that by which the 
choline esters are hydrolyzed. 

The rates of these reactions are specific for the enzyme involved and for the alkyl group 
attached to the inhibitor phosphorus. The inhibition reaction also is dependent upon the electro 
philic nature of the phosphorus. 

The author presents experimental and theoretical support for these hypotheses. 


Marcvuerite F. Hays, Cambridge, Mass 


Locus oF Suort Duration Avupitory Fatigue ok “Apaptation.” J. D. Harris and ANITA 
L. Rawnstey, J. Exper. Psychol. 46:457-461, 1953. 


Auditory adaptation, defined as a reversible shift in threshold following very mild acoustic 
stimulation, was distinguished from true auditory fatigue by four criteria: (1) the noncumulative 
effect of stimulus duration; (2) the temporal course of return to normal threshold following 
stimulation; (3) the relative frequency region of maximum threshold shift following pure tone 
stimulation, and (4) the shape of the curve of loudness (recruitment). This experiment sought 
to throw light upon where in the auditory system adaptation occurs. By the technique of 
simultaneous binaural loudness balancing between one normal ear undergoing a threshold shift 
of a preceding adapting stimulus, it was possible to demonstrate an accelerated growth of recruit- 
ment in the adapted ear. The intimate temporal relation between adaptation and recruitment, 
the latter distinctly allied to the organ of Corti, was thought to point to the peripheral organ, 
not the nervous system, as the site of the recently discovered phenomenon of auditory adaptation. 


From THE AuTHORS’ SUMMARY (Bron. Apst.) [INpust. Dicest]. 


Mepicat Ratsep py Work at Hicgu Temperatures: Il. Carpiac AND CIRCULA- 
TORY STATES oF Miners Who Hap Workep Nor Less THan Five Years in 
TEMPERATURES. F. LAVENNE and LD. Betayew, Institut d’Hygiéne des Mines, Hasselt, 
Jelgium, May 5, 1954. 

An investigation was made to ascertain what, if any, influence was exerted on the cardio- 
vascular system by working under high temperatures in coal mines. Two hundred five miners 
were carefully examined who had worked for five to seven years at a depth of 1,350 meters in 
the south of Belgium in one of the deepest mines in Europe. They were grouped according to 
age and signs of pneumoconiosis. Most of the men stayed in the same underground environment 


year after year. Temperatures were grouped as very warm, with dry-bulb temperatures of 
34 to 40 C. and wet-bulb temperatures of 25 to 30.5 C., giving katathermometer readings of 9.5 to 
14; as moderately warm, with dry-bulb temperatures of 29 to 34 C. and wet-bulb temperatures 
of 23 to 25 C., giving katathermometer readings of 14 to 16; and as relatively cool, with dry-bulb 
temperatures of 23 to 29 C. and wet-bulb temperatures of 19 to 23 C., giving katathermometer 
readings up to 30. The hot places accounted for 83 miners; the moderately warm, for 59 miners ; 
and the cool places, for 63. 
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The miners had to undergo a medical examination on engagement and so started with rather 
above normal average physique. The examination included a clinical overhaul as well as the 
taking of an electrocardiogram and an x-ray. Definite cardiovascular abnormalities were detected 
in 22 men, of whom 5 (6% of the group of 83) worked under very warm conditions, 7 (11.9% 
of the group of 59) worked under moderately warm conditions, and 10 (15.9% of the group of 
63) worked under relatively cool conditions, 


Allowance had to be made for the fact that more young men were found working under hot 
conditions and that cardiovascular abnormalities occur more among the older men. Nevertheless, 
after every allowance had been made, the investigation established that the influence of working 
at the high temperatures experienced in these coal mines did not increase the incidence of cardio- 
vascular troubles, such as high blood pressure and coronary arteriosclerosis. The study did, 
however, establish the normal for circulatory efficiency among miners in whom these troubles 
were unusual; the frequency was 3.2% at ages under 40, increasing progressively with age to 
9% at ages 40 to 50 and to 16% at ages 50 to 60. The miners gave no history of heat stroke, 


heat exhaustion, or dehydration e stion. . - 
eat exhaustion, or dehydration exhaustior 


Occupational Diseases and Hazards 


EFFECTS OF CHROMATES ON Nosk, THroat, AND Ear. J. B. Mitter, A. M. A. Arch. 
Otolaryng. 58:172-178, 1953. 


In a survey on 100 persons picked at random from a chromate plant in eastern Ohio, 88% 
showed color variation from normal of the septal mucosa; 65% showed septal perforation, and 
an additional 27% showed ulceration. In 98% the turbinates showed engorgement, in 93% hyper- 
trophy. Color variations were seen on the pharyngeal mucosa in 61%, on the vocal chords in 
29%, and on the oral mucosa in 19%. There was no effect on hearing or smell. The sense of 
taste was abnormal in 10% in the anterior two-thirds of the tongue and slightly decreased in 


1% in the posterior one-third of the tongue. Biot. Apst. [Ixpust. Hye. Dicest]. 


Erectron Microscope Stupies oF Dust in THE LUNGS OF CoAL MINERS. A, POLICARD, 


A. Covet, and Lucetre GILtTatRE-RALYTE, Compt. rend. Acad. sc. 236:1458-1460 (April 
13) 1953. 


Continuing their previous studies, the authors examined anthracotic lung tissue from workers 
in three coal mines in different areas of France. The tissues were broken up with microneedles and 
treated with trypsin before examination in the electron microscope at magnifications of 10,000 
to 20,000. Contrary to the findings in silicotic lungs, practically no particles under 0.1 # were 
found, and those under 0.5 # averaged 64%. The percentages are based on the total particles 
under 2 #. These findings correspond with the measurements made by Walkenhorst of dust in 
air in the neighborhood of drilling machines. 


CONDENSED FROM Butt. Hya. [Indust. Hyg. Digest]. 


Srupy OF THE PULMONARY CONDITION OF LIGNITE MINERS IN THE COALFIELD OF PROVENCE. 
R. AyNaup and M. Banc, Rev. méd. min. 6:17-20, 1953. 


Lignite, a low-grade coal, is found in Provence in a calcareous mother rock. Dust created 
when it is worked is essentially calcareous and hence is not harmful when inhaled. Dust was 
collected in the workings underground, and the portion below 5 u in size was analyzed for 
content of silica, which was found to be inconsiderable. Samples of this fine dust were injected 
into the peritoneal cavity of rats, 100 mg. of dust in isotonic saline. The reactions provoked were 
studied at intervals thereafter. They differed in no way from the reactions provoked by any 
other inert dust containing no free silica. 

In 1945, an examination had been made of 2,459 miners by roentgenography; the few cases 
of pneumoconiosis detected were among men who had worked in other mines. In the present 
study, 3,145 miners were x-rayed without showing any change from the previous findings; 100 
other miners, aged 40 to 55, who had worked for 25 to 30 years in the mines and might be 
pneumoconiotic were carefully examined, and only 1 exhibited some mild reticulation with 
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micronodules. A number of shacows indicated emphysematous lesions with enlarged heart. Hilar 
shadows suggestive of anthrac silicosis were lacking. Signs of old healed tuberculosis were 
found in 2 of the 100 miners. 

The conclusion is that breathing dusty air in the mines of the lignite field of Provence may 
at worst set up after many years a slight diffuse fibrosis of no significance. 


FE. L. Coutts. 


AXIAL TOMOGRAPHY IN THE Stupy or ApvaNncep Siticosis. G. Bontr, FE. 


BALGAIRIES, 
G. Trinez, and G. DEcLERQ, Rev. méd. min. 6:36-48, 1953. 


The authors describe how during the past five or six years tomography of the chest has been 
found of value in locating pulmonary lesions. Now they state that by moving the subject in rela- 
tion to the direction in which the x-rays are falling so as to travel through the chest to the film 
a three-dimensional view of any lesion may be obtained. The exact way in which these movements 
cf the subject in relation to the x-rays can be carried out is described and illustrated in detail. 
This form of tomography is named stratigraphy, or axial-transverse tomography. In cases of 
advanced massive silicosis, a better picture is obtained of the exact size of the lesion and of its 
location with regard to the large blood vessels and the heart. This procedure allows a much better 


definition of the opacities seen. It may, of course, be equally useful when examining abdominal 
lesions. 
E. L. Conus. 


PRESENCE OF AsBesTos Fipers 1N UrINE oF Workers Exposep To Asrestos 
V. Wyss, Rass. med. indust. 22:55-56, 1953. 


In urinary sediment of two asbestos workers asbestos fibers were seen; the same finding 


was detected in urine of two female patients, suffering from asbestosis, who had left their work 
seven years before. Bron. Asst. [INpust. HyG. Dicest]. 


DERMATITIS FROM PHENOLIC-CRESOLIC Resins. R. Luvont, Rass. med. indust. 22:333-336, 
1953. 


The effect of contact of foundry workers with phenolic-cresolic resins was investigated. 
I-czematous dermatitis accompanied by painful itch and formation of blisters was recognized in 
several workers who handled the resin-sand mixture used to make molds for molten metal. 
Removal of the affected persons from the resin handling resulted in the disappearance of the 
skin affections. Since only half of the persons working in the foundry presented similar skin 
conditions, a form of allergy is thought to have been responsible. 


Cuem. Asst. [Indust. Hyg. Digest] 


Industrial Toxicology 


STUDIES ON PATIENTS SUFFERING FROM ACUTE EXPposURE TO VAPORS OF NICKEL CARBONYL. 
F. WiLttaM SUNDERMAN and Joun F. Kincaip, J. A. M. A. 185:889-894 (July 3) 1954. 


Clinical observations are reported on 36 persons accidentally exposed to the vapors of nickel 
carbonyl. Two patients died, and many of the others were critically ill. The concentrations of 
nickel in urine and blood were determined in samples obtained from exposed persons. The 
authors’ studies indicate that the nickel concentrations in urine and blood are increased many- 
fold above normal after exposure. Increase in the concentration of nickel in urine may be cor- 
related with the severity of exposure. Dimercaprol (BAL) was administered to 32 exposed 
persons, 31 of whom survived. Insofar as the authors are aware, this is the first report of the 
use of dimercaprol in the treatment of nickel carbonyl poisoning. The administration was 
attended by an increased excretion of nickel in urine and a marked decrease in the concentration 


of nickel in blood. It is the authors’ considered opinion that the administration of dimercaprol 
was beneficial in practically all cases and may have been lifesaving in several. 


FROM THE AUTHORS’ SUMMARY. 
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StupiEes ON OxyGen Potsoninc: Protective Errect or Brta-MERCAPTOETHYLAMINE. 
REBECA GERSCHMAN, S. W. Nye, D. L. Gitpert, P. Dwyer, and W. O. Fenn, Proc. Soc. 


Exper. Biol. & Med. 85:75-77 (Jan.) 1954. 


Mice exposed to six atmospheres of oxygen are protected and their survival prolonged 70% 
by previous intraperitoneal injection of 3.33 mg. of beta-mercaptoethylamine per 20 gm. of 
body weight. From THe AuTHoRS’ SUMMARY [Indust. Hyg. Digest]. 
Fata, IN Two MEN MakinG A Copper Capmium ALLoy. 

A.C. P. Camppe ct, Brit. J. Indust. Med. 11:118-122 (April) 1954. 


Two fatal cases of emphysema are reported in men engaged for less than two years in 
making a copper-cadmium alloy. This involved very short periods of exposure to cadmium. 
Necropsy on one case disclosed a severe and unusual type of emphysema which spared the periph- 
ery of the lung. There was no evidence of systemic cadmium poisoning, and it is postulated 
that the condition of the lung was the result of the local action of freshly formed cadmium oxide. 


R. Lane and 


From tHe Autuors’ SumMary [Indust. Hyg. Digest]. 


Curonic PoIsONInG BY CARBON MONOXIDE IN THE METAL INDUSTRY. 


Proyarp and Triry, 
Arch. mal. profess. 15:226-228, 1954, 


The authors report an investigation undertaken to detect signs of chronic carbon monoxide 
poisoning. Men tending gas engines fed by gas containing from 15 to 16% carbon monoxide 
are constantly exposed to air containing from 0.025 to 0.045% carbon monoxide, which rises to 
0.05% when engines are being started and the various joints have not closed tightly as the engines 
warm up. The blood of young engineers who had never smoked was found to contain from 
0.25 to 0.44% carbon monoxide; among men who smoked, from 0.64 to 1.20% was found. 

A thorough examination was made of 85 engineers, regular workers of 10 years’ experience 
Some of them had complained of headache, loss of appetite, and even vertigo. 


Thirty per cent 
exhibited a nervous and unstable character, with irritability. 


Nevertheless, nothing pathological 
could be detected by electrocardiogram, by chest x-ray, or by basal metabolism or visual acuity 


determinations; but the value for basal metabolism tended to be low, and the electroenceph- 
alogram showed some instability. In fact, no direct evidence was forthcoming of the existence 
of any syndrome indicative of chronic poisoning by carbon monoxide. 


E. L. 


A Survey on TRICHLOROETHYLENE WorKers, S. YAMAGA, J. Sc. Labour [Japan] 29:119- 
125, 1953. 


The blood and urine of 32 workers at various trichloroethylene plants were tested. The blood 
urea, trichloroacetic acid (in urine), and serum alkaline phosphatase were above normal, while 
the erythrocytes were below normal, but in the early stage of exposure the serum lipase and 
blood urea decreased. Trichloroethylene showed no cumulative effect and no toxic symptoms. 


Cuem. Asst. [Indust. Hyg. Digest]. 


Lipase IN SEVERAL INDUSTRIAL PorsoNINGs: SERUM LIPASE IN BENZENE WORKERS. 
Saruta, J. Sc. Labour [Japan] 29:672-676, 1953. 


Of 80 benzene workers, 83% showed abnormality (more decrease than increase) of serum 
lipase, apparently due to the benzene concentration in the blood. This abnormality was independent 
of age, length of service, conditions of employment, and general hematological observations. No 


danger of intoxication was noted. Cuem. Asst. [Indust. Hyg. Digest] 


Determination of Air-Borne Contaminants 
THERMAL PRECIPITATION IN AIR PoLLUuTION Stupies. MENbEL T. Gorvon and 


Orr Jr, Paper read before Annual Meeting of Air Pollution Control Association, Pitts- 
burgh, May 3-6, 1954. 


This article discusses the historical background of thermal precipitation and describes the 
phenomena upon which this method of dust or bacterial collection is based. Several types of 
thermal collection are described, and the details of construction and the flow rates available in 
each instrument are given. 
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ABSTRACTS FROM CURRENT LITERATURE 


A thermal precipitator, designed by the Engineering Experiment Station of Georgia Institute 
of Technology for aerosol sampling, is discussed. Several illustrations show the dimensions and 
details of the device. This instrument makes possible optical microscopic examination of all 
kinds of air-borne particles. 

The path of a particle in a precipitator of a given geometry can be predicted, and the methods 
and calculations to determine this are given. 

It is pointed out that the increasing use of radioactive materials in industry makes necessary 
high efficiency sampling to determine potential health hazards. A thermal precipitator with 
the proper flow rate and temperature gradient provides almost 100% collection efficiency for 
particles of sizes down to the limits of resolution of the electron microscope. 


L. Beaucuame, Boston, 


Ventilating, Air Conditioning, and Engineering Control 


CooLING PLANTS FOR UNDERGROUND WorKINGS IN Betctum. ANpré Hovurerecuts, J. Inst. 
Heat. & Vent. Engin. 22:144-162 (July) 1954 


Factors influencing the air conditions in coal mines are discussed, including the effect of 
mechanical equipment at the face. Results of experiments conducted on models to measure the 
coefficient of pressure losses in various types of shafts are given and a comparison made with 
actual findings. Thermal balance sheets for five coal mines in the Campine Basin are included, 
together with improvements that can be suggested after a critical examination of the results 
tabulated in the balance sheets. Methods of improving the climate of the face are given, and 


actual cooling plants in operation are described 


Accidents and Their Prevention; Protective Equipment 


ACCIDENT PREVENTION IN NONFERROUS-METAL PROCESSING PLANTS: I. INJURY STATISTICS. 


Bureau of Mines Handbook, U. S. Department of the Interior, Bureau of Mines, 1954. 

Starting with the premise that the accident and the injury are distinct occurrences, although 
all accidents have the potentiality of producing injury, this handbook discusses extensively the 
value of injury frequency and injury severity records. The method of computing injury fre- 
quency and injury severity rates as approved by the Bureau of Mines is given in detail, and an 
analysis of the injury experience of nonferrous-metal process plants for the years 1945 to 1949, 
inclusive, is given. Several nonferrous-metal plants had safety achievements worthy of special 
mention, one plant reporting 15 years without a lost-time injury. Accident statistics are only as 
valuable as the individual case records on which they are based; therefore, this handbook devotes 
considerable space to the accident investigation and report, giving examples of various forms now 
in use by some nonferrous-metal processing plants. It is stressed that the cause of the injury and 
the cause of the accident should be treated as separate entities. The classification system given 
lists six accident factors: (1) the agency; (2) the agency part; (3) unsafe mechanical or 
physical condition; (4) the accident type; (5) the unsafe act, and (6) the unsafe personal factor. 
Examples of complete accident reports are given. The Bureau of Mines has found that the ratio 
of direct to indirect accident costs to the employer is about 1 to 4; this does not consider the loss 


to the employee. Davin Boston. 


Tuirty-First ANNUAL REPORT ON SAFETY IN MINES Researcu, 1952. A. H. A. Wynn, 
Director, Ministry of Fuel and Power, Safety in Mines Research Establishment, Her 
Majesty's Stationery Office, 1953. 


An interesting development in connection with the risk of explosions has been the introduction 
of short-period delay detonators that are no more “incentive” than ordinary detonators. 


Trials 
of these are proceeding at several collieries. The so-called Eq.S. 


(equivalent-to-sheathed ) 
explosives are being used more and more, so that about one-third of the explosives used in 
ordinary pits are of this type. 
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Much interest is being taken in the “salt-crust” method of immobilizing coal dust so that it 
cannot take part in an explosion. Early trials suggest that the method is successful when the 
atmospheric humidity is below about 75%. A larger scale trial is being planned, and methods 
of applying salt are being studied. . 

Investigation shows that the hazard of firedamp ignition by frictional sparking with alumi- 
num alloys is much less than with magnesium alloys but is nevertheless greater than with steel. 

In the inquiry that followed the explosion at Easington Colliery, it became clear that more 
information about the rate and amount of deposition of coal dust was needed. Experiments are 
being carried out to determine the effects of various factors on deposition. 

Concerning the quantity of deposited coal dust that may be dangerous, a rough-and-ready 
rule has been devised. The dangerous dust is defined as the fraction that passes through a 
60 mesh sieve, and tests show that a quantity exceeding one-twentieth of an ounce per cubic 
foot of roadway volume is enough to support an explosion. Dust of this fineness present in this 
amount is dangerous even if it is accumulated in heaps. A road is safe if there is insufficient dis- 
persible coal dust to support an explosion or if the available coal dust is mixed with enough 
stone dust to neutralize it. 

Experiments are being made with water sprays to find the requisite conditions for their use 
in extinguishing the flame of an explosion, and early results are promising. 

Limestone dust used for preventing explosions is readily wetted, whereas coal dust is not. 
Hence the presence of water on a road may increase the risk of explosion through selective 
wetting of the stone dust. Experiments have been made in the waterproofing of limestone dust. 

Experiments suggest that a very heavy spray produced by the propulsion of water by 
explosive at the end of a round of shots may effectively suppress dust and fumes. The method 
is contemplated for blasting in headings where as much as 70 lb. of explosive may be fired in 
one round. 

Many dangers are associated with coal cutting. Coal cutters produce much of the dust 
responsible for pneumoconiosis or for explosions, and they cause many fires. Much thought 
has been given to combining the techniques of water infusion and shot firing, for it is thought 
that such a combination might make the undercutting of coal unnecessary. 

Research is proceeding on the design of breathing apparatus. It has been shown that in 
the present type of liquid-air apparatus the cooling capacity of the liquid air is not used as 
efficiently as it might be to provide a supply of dry, cool air. Much could be done to reduce 
the weight of the apparatus. 

Progress reports are given on various studies of the fire hazard. These relate to the 
smouldering of coal dust, the inflammability of brattice cloth, toxic fumes from impregnated 
timber and conveyor belting, stench agents as heat detectors, the propagation of a vapor cloud, 
and firebreaks underground. There are also reports on a variety of engineering and metallurgical 
studies. 

In connection with dust control and the pneumoconiosis hazard, work has continued on the 
development of instruments for the quantitative and qualitative assessment of air-borne dusts 
and on sampling procedures. A size-selector has been fitted to an automatic hand pump for 
sampling in the presence of coarse dust. A liquid-trap dust sampler is a suitable instrument for 
long-term gravimetric sampling and will give samples suitable for compositional analysis. 

An investigation of the dust production of rotary drilling machines has shown that the dust 
produced per minute of drilling is proportional to the speed of revolution of the drill. Hence to 
get minimum dust production, sharp bits with high values of thrust should be used at low speeds 
of revolution. 

In wet drilling the cleanliness of the water used is of importance. Dirty water may be 
responsible for a large part of the dust dispersed by the drill. 

A pneumatic drill with an axial hole in the drill steel, through which dry drillings are 
exhausted from the point of formation and then removed by a filter system, has been tested. 
So long as the filtering system did not become clogged, the dust suppression was as efficient as 
with most wet drills, but the collected dust must be so removed from the dust trap as not to be 
redispersed in the mine. 

A method of testing respirators with a cloud of methylene blue has proved satisfactory, 
and clouds of coal dust are now being tried. 
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Lung residues of pneumoconiotic coal workers have been compared with those of. silicotic 


tin miners and granite workers. These two groups have about equal amounts of quartz in their 
lungs, but in addition the coal workers have about 30 times as much coal. The disease is 
with the greater amounts of dust. Colliers with confluent fibrosis have on the average 
of dust in their lungs. 
Improvements in the methods of x-ray diffraction analysis are noted. 
The report includes synopses of 49 reports and papers published in 1952. 


severer 
56 gm. 


Buti. Hye. 


Radioactive Substances and X-Ray 


Skin Reaction To Prorractep H. D. Grireitu, J. F. and G, E. 
SwINDELL, Brit. J. Radiol. 27:102-112, 1954. 


Comparison is made of skin reactions consequent on handling glass-screened radioactive 
material with the dose of beta-radiation received, protraction being up to four years. The results 
are considered in relation to some other cases reported in the literature, and an assessment is 
made of the numerical factor by which exposure to beta-radiation must exceed exposure to 


x-radiation for induction of similar skin changes. Cnem. Apst. (Indust. Hyg. Digest]. 
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News and Comment 


NOTICES 


The Sixth Annual Conference on Silicosis conducted by the McIntyre Research Foundation 
was held in Toronto, Canada, Feb. 1 to 3, 1954. 

The following papers from the Conference are now available and can be had by writing to 
the Foundation: “Silicosis as Seen by the Ontario Workmen's Compensation Board,” by E. E. 
Sparrow; “Limiting Factors in Dust Control and Ventilation,” by C. S. Gibson; “Further 
Progress in the Development of Medical Statistics on Silicosis in Ontario Mines,” by A. H. 
Sellers; “Silicosis: Historical Sidelights and Reflections,” by R. E. L. Watson, and “Practical 
Aspects of Silicosis Control,” by Louis W. Spolyar. 


Books 


Intoxications et maladies professionnelles. By |.éon de Robert. Price, 8,800 frances (about 
25). Pp. 1515, with 76 illustrations. Les Editions médicales, Ernest Flammarion, 22 rue 
de Vaugirard, Paris 6°, France, 1954. 


This loose-leaf encyclopedia, to be revised annually, is intended to give the practicing physi- 
cian information for intelligent treatment of intoxications in which he cannot be a specialist, 
because they make up only a small part of his daily practice. It stresses physiological angles 
in order to indicate logical therapy rather than antidotes. It is organized in separate monographs 
upon single toxic agents. 

The author defines intoxication as the result of the penetration into the organism of a chemical 
substance or the action of an external physical agent. Not only are there monographs upon 
intoxication by each of a large number of industrial chemicals but also there are included drugs 
of addiction, vegetable oils, extracts and resins, mushrooms, ergot, and animal poisons. Because 
of the broad definition it is not surprising to find monographs upon Salmonella poisoning, upon 
botulinism, and upon occupational infections. Heat, cold, radiations, vibrations, ultrasonics, 
compressed air, and altitude are also covered. 

The monographs vary in length from a few lines to some 70 pages. As far as practical, 
each covers the physical and chemical properties of an agent, its production, use, probable routes 
of entry into the body, and predisposing causes of intoxication. There is more extensive coverage 
of metabolism, pathology, clinical reports, diagnosis (including a brief description of determination 
of vapors in air), treatment, prevention, and pertinent legislation. Since this is intended for 
the practitioner, it is logical that almost no references to the original literature are provided and 
that those which do appear are almost entirely to French sources. 

There is an adequate alphabetical index to names of materials and to diagnostic signs when 
these have a distinctive name. What is conspicuously lacking is consideration of intoxications 
by symptom so as to allow the busy physician, for whom the volume is intended, to decide which 
of the several hundred monographs is pertinent to the patient before him. 


Henry F. Smytu Jr. 
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RESULTS Superficial Fungous 
Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


“= Desenex 


rr Ointment and powder of ZINCUNDECATE 
—_— Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


Pamphlets about 


The Skin in Hea!th and Disease. 
Harold N. Cole. 8 pages. 15 cents. 

“Hair-Brained” Notions. [ois 
Mattox Miller. 12 pages. 15 cents. 

Acne. 2 articles. Robert P. Little; 
Jane Parker Kirkpatrick. 12 pages. 
15 cents. 

Cosmetic Facts and Fancies. 
Austin Smith. & pages. 15 cents. 


Psoriasis, The Threadbare Man- 
tle. lester Hollander. 12 pages 
15 cents 


Fire Under the Skin. William W 


Bolton. 12 pages. 15 cents. 
Please remit with order 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St. © Chicago 10 


MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: | WITHOUT LOSS OF WORK 
UNDER MEDICAL SUPERVI- TIME 
= WITH SIMPLICITY AND 
“=~ ) AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 
1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


For a Better Understanding of 
Nervous and Mental Diseases 


A. M. A. Archives of NEUROLOGY and number of brief digests from 
PSYCHIATRY gives practical assistance medical literature which present signifi- 
keep well cant findings of eminent neurologists and 
these fields. psychiatrists throughout the world. Well 
clinical notes, special articles, society iMustrated. Issued monthly. _ Averages 
transactions and book reviews and book about 2730 pages annually. Price, $12.00 
notices. Each issue includes large a year. Canada, $12.50. Foreign, $13.50. 


AMERICAN MEDICAL ASSOCIATION 535 N. Dearborn St., Chicago 10 
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M:S°A 
EARSAVER 


M:S:A 
NOISEFOE 


RACKET 
is hushed... 


but speech is 
HEARD 


with this NEW M°S°A 
EAR PROTECTION 


Here is the modern answer to the problem of industrial noise 
which can often set the stage for accidents, work slow-downs, 
and loss of hearing. 


Developed as the result of years of intensive research, the Ear cavity for cushion was designed from 
M.S.A. over-the-ear protection provides that all-essential seal U. S. Air Force Aero Medical Laboratory 
with the wearer’s face that assures effective noise attenuation. statistics to provide comfortable fit for all 
This devi omnes in two stvies: ears. Cushion has wide sealing area for 

Is device comes yles: maximum attenuation. Cushion is of soft, 
1. The M.S.A. Earsaver, an open-weave cotton gabardine peaked 


: : adapts to all facial contours. Easy to keep 
cap assembly for persons exposed continuously to a relatively clean. Molded plastic outer cup protects 


high level of noise. Available in three adjustable cap sizes. cushion, holds it in place. 


. M.S.A. Noisefoe, a head-set suspension type, for persons who 


must enter noisy areas for brief intervals then return to normal *S-A Ear Defender 
environments. This device is quick and easy to put on, take Also M 5 s 


Lightweight, molded from spe- 
off. One size insures universal fit. dat cof, 
Both models are light and comfortable, well balanced to elimi- Material, Preside parte 


nate work fatigue. Write today for complete construction details cman Three Bie aval 


on this important M.S.A. development. ) able. Write for details. 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pa. 
At Your Service: 76 Branch Offices in the United States 


MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 
Toronto, Montreal, Calgary, Edmonton, Winnipeg, 
Vancouver, Sydney, N.S. * Representatives in 
Call the M.S.A. man on your every safety Principal Cities in Mexico, Central and South America 
problem . . . his job is to help you Cable Address: “MINSAF” Pittsburgh 
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SAFETY EQUIPMENT HEADQUARTERS 


